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CHAPTER I 

TURBELLARIA 

INTRODUCTION : DESCRIPTION OF THE POLYCLAD LEPTOPLANA 

THEM ELLA RLS APPEARANCE HABITS STRUCTURE : POLY- 

CLADIDA CLASSIFICATION HABITS ANATOMY DEVELOP- 
MENT : TRICLADIDA OCCURRENCE STRUCTURE CLASSIFICA- 
TION : RH ABDOCOEL1 DA OCCURRENCE HABITS REPRODUC- 

TION- -CLASSIFICATION. 

The riatyhelminthes, or Flat Worms, form a natural assemblage 
of animals, the members of which, however widely they may 
differ in appearance, habits, or life- history, exhibit a funda- 
mental similarity of organisation whicli justifies their separation 
from other classes of worms, and their union into a distinct 
phylum. Excluding the leeches (Hirudinea), and the long sea- 
worms (Nemertinea) — which, though formerly included, are now 
treated independently — the Platyhelminthes may be divided into 
three branches: (1) Turbellaria (including the Planarians), (2) 
Trematoda (including the liver-flukes), and (3) Cestoda (tape- 
worms). The Mesozoa will be treated as an appendix to the 
Platyhelminthes. 

The Turbellaria were so called by Ehrenberg 1 (1831) on 
account of the cilia or vibratile processes with which these 
aquatic animals are covered, causing by their incessant action, 
tiny currents (“ turbellae,” disturbances) in the surrounding 
water. The ciliary covering distinguishes this free-living group 
from the parasitic Trematodes and Cestodes, some of which 
possess such an investment, but only during their early free 
1 Hemprich and Ehrenberg, Synibolae physicae, Berlin, fol. 1831. 
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larval stage, for the short period when they have left the 
parental host and are seeking another (Figs. 26, 27, 42). 

Some Turbellaria (Rhabdocoelida) resemble Infusoria in their 
minute size, shape, and movements. Nevertheless they possess 
an organisation of considerable complexity. The fresh -water 
Planarians (Fig. 14), abounding in ponds and streams, vary from 
a quarter to half an inch in length, and are elongated and 
flattened. Their body is soft, and progresses by a characteristic, 
even, gliding motion like a snail. The marine Planarians or 
Polyclads (Fig. 8) are usually broad and leaf-like, sometimes 
attaining a length of six inches, and swim or creep in a most 
graceful way. Land Planarians occur in this country (Fig. 15), 
but far more abundantly in tropical and sub-tropical districts, in 
moist places, venturing abroad at night in pursuit of prey. They 
are elongated and cylindrical, in some cases measuring, when 
fully extended, a foot or more in length, and are often ornamented 
with brilliantly coloured, longitudinal bands. 

Turbellaria are carnivorous, overpowering their prey by peculiar 
cutaneous offensive weapons, and then sucking out the contents of 
the victim by the “ pharynx.” Land Planarians feed on earth- 
worms, molluscs, and wood-lice ; fresh-water Planarians on Oligo- 
cliaet worms, water-snails, and water-beetles ; marine forms devour 
Polychaet worms and molluscs. Some Turbellaria seem to prefer 
freshly-killed or weakly examples of animals too large to be over- 
powered when fully active. Certain Iiliabdocoelida are messmates 
of Molluscs and Eehinoderms, and a few others are truly parasitic 
— a mode of life adopted by all Trematodes save Temnocephala. 

The Trematodes 1 may be divided into those living on the 
outer surface of various aquatic animals, usually fish (Ectopara- 
sites) ; and those which penetrate more or less deeply into the 
alimentary canal or the associated organs of the host (Endo- 
parasites). They are oval, flattened Platyhelminthes ranging from 
a microscopic size to a length of three feet ( Nematobothrium , Fig. 
22), and are provided with organs of adhesion by which they cling 
to the outer surface, or to the interior, of the animals they inhabit. 
Trematodes occur parasitically in all groups of Vertebrates, but, 
with the exception of the liver-flukes of the sheep ( [Distomum liepa- 
ticurn and D. magnum ), and of Bilharzia haematobia found in man 
(in the blood-vessels of the urinary bladder) over the greater part 

1 Tpijjxa, a hole ; referring to the orifices of the suckers. 
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of Africa, their attacks are not usually of a serious nature. Ecto- 
parasitic Trematodes are Monogenetic ; that is, their larvae grow 
up directly into mature forms. The Endoparasitic species, how- 
ever, are usually Digcnetic. Their larvae enter an Invertebrate 
and produce a new generation of different larvae, and these 
another. The last are immature flukes. They enter a second 
host, which is swallowed by the final Vertebrate host in which 
they become mature. 

The Cestodes or Tape-worms have undergone more profound 
modifications both in structure and in mode of development. 
They are all endoparasitic, and, with one exception ( Archigetcs ), 
attain maturity solely within the alimentary canal of Vertebrates. 
In length they range from a few millimetres to several metres, but 
this great size is attained from the need for the rapid production 
and accumulation of enormous numbers of eggs. The “ head ” 
or “ scolex ” is attached to the mucous membrane of the host by 
suckers or hooks, but there is no mouth nor any certain trace of a 
digestive tract at any stage of the life-history of Cestodes. For 
nourishment they absorb, through the skin, the xireviously-digested 
food (of the host) that bathes them. In a few Cestodes the body 
is simple and not divided into “ proglottides ” or generative seg- 
ments; but in most cases it is jointed in such a way that the last 
segment is the oldest, and each contains a set of reproductive 
organs. The life-histories of Cestodes are most remarkable. The 
proglottides containing the eggs pass out of the final host along 
with the faeces and enter the intermediate host with the food. 
The larvae hatch, and boring their way into the blood-vessels, are 
carried by the circulation to various internal organs. Here they 
usually become “ bladder- worms,” and develop the “ head ” of the 
future sexual form. Then, if, as is usually the case, the inter- 
mediate host is preyed upon by the final host, the larval Cestodes 
enter the alimentary canal of the latter. The head of the larva 
alone survives digestion, and from it the mature worm is formed. 

Of these three branches of the phylum Platyhelminthes, the 
Turbellaria possess features of special interest and importance. Not 
only do they furnish the explanation of the structure of the two 
parasitic groups (which have probably arisen from Turbellarian- 
like ancestors), but they occupy the lowest position in the whole 
group of worms. There are reasons for thinking that this is the 
simplest group of bilateral animals which adopt the habit of creep- 



6 PLAT YH ELMl N THES CHA^f 

ing. The Turbellaria are most closely allied to that great extinct 
group from which they, the Nemertinea, Rotifera, and even the 
Annelids, offer increasingly convincing evidence of having been 
derived. Many questions delating to the affinities of, or the 
origin of organs in, the Annelids, resolve themselves into similar 
questions about the Turbellaria. For these reasons, this group 
is here dealt with at greater length than the others, the interest 
of which is of a more special nature. 

The history of our knowledge of the Cestodes dates back to 
ancient times, as the presence and effects of tape-worms early 
attracted the attention of physicians. Trematodes are first 
distinctly referred to in the sixteenth century, while Turbellaria 
first figure in Trombley's memoir on Hydra (1744). 1 The whole 
subject of the increase in our knowledge of parasitic Platyhel- 
minthes is dealt with in the standard work, The Parasites of 
Man , by Leuckart, 2 and a complete list of references in zoological 
literature to Cestodes and Trematodes is to be found in Bronn's 
Thierreich , 3 O. F. Muller 4 and TShrenberg founded our know- 
ledge of the Turbellaria, but for a long time the group remained 
in a most neglected condition. In this country Montagu, G. 
Johnston, and in Ireland, William Thompson, discovered several 
marine species, one of which, Planocera folium (from Berwick), 
has not again been met with on British shores. Dalyell 5 con- 
ducted classical researches on the habits of Planarians, and Fara- 
day 6 made interesting experiments on their power of regenerat- 
ing lost parts. The credit of assigning the correct interpreta- 
tion to most of the various organs of fresh-water Planarians 
belongs to von Baer 7 and Duges, 8 while Mertens 0 effected a 
similar service for the marine forms, or Folyclads. The minute 
Rhabdocoels were first successfully investigated and classified by 
Oscar Schmidt. 10 The great work on this group is, however, the 

1 M^n wires pour servir A Vliistoirc d. Polypes d’ eaujdouce, Leyden, 1744. 

2 Die Parasiten des Menschcn , 1879 . Engl. Transl. by W. E. Hoyle, i. 1888. 

3 Band 4, by M. Braun. (Mesozoa and Trematoda completed ; Cestoda in progress. ) 

4 Venn. Urr . etfluv. . . . succincta historia , 1773 ; Zool. Danica , 1777. 

5 Observations on Planar iae, Edinburgh, 1813. 

6 M. Faraday, “On the Planariae,” Medical Gazette, Feb. 1832; and in Edin- 
burgh New Philosoph. Journal , vol. xiv. 1833, pp. 183-189. 

7 Nov. Act . Acad. Caes. Leap. -Carol, tom. xiii. 1827. 

8 Ann. Sci. Nat. (Zool.) I. tom. xv. 1828. ; ibid. tom. xxi. 1830. 

8 Mini. Acad . St. Pdtersbourg , 5th ser. tom. ii. 1832. 

10 Die rh-tthdocoe.le.7i Turbellarien des Silsswassers. Jena 1848. 
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monograph by von Graff. 1 A similarly comprehensive and. indis- 
pensable treatise by Lang, on the Polycladida, 2 contains references 
to all previous publications on the group, among which the 
papers by Quatrefages, Johannes Mliller, Keferstein, Minot, and 
Hallez stand out conspicuously. Moseley’s work 3 on the Land 
Planarians of Ceylon is undoubtedly the most revolutionary 


paper referring to this group, and the 
best contribution towards elucidating 
the structure of the Tricladida at a 
time when the subject was very obscure. 
A monograph on Land Planarians is 
being prepared by von Graff. 

The Turbellaria are divided into : 
(1) Polycladida , marine forms with 
multiple intestinal branches; (2) Tri- 
cladida, marine, fresh-water, and ter- 
restrial Planarians with three main 
intestinal branches ; (3) the Rliabdococ - 
lida, as varied in habit as the Triclads, 
but possessing a straight and simple or 
slightly lobed, intestine. A detailed 
description of an example of the Poly- 
clads, and then a comparative account 
of each division, will now be given. 

Turbellaria. I. Polycladida. 

Description of Leptoplana tremellaris. 

Appearance and Habits. — An ac- 
count of the Polyclad Turbellaria may 
be fitly prefaced by a description of 
a very common representative, Lepto- 



surfiice. The alimentary canal 
runs down the middle line and 


plana tremellaris , so called on account hunches to the margin 

of the thin, flat body which executes ° f iU 


when disturbed, quivering or tremulous swimming movements. 


1 Monographic d. Turbellarien. I. Rliabdococlida, 1882. Die Acoela, Leipzig, 
1892. 

2 “Die Polycladen,” Fauna w. Flora d. l/ol/cs v. Xeaptd, Monogr. XI. 1884. 

3 Phil. Trans . 1874, p. 105. 
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Like all Polyclads, Leptoplana is marine. It is probably found 
on all European shores, northwards to Greenland and southwards 
to the Red Sea, while vertically it ranges from the littoral zone 
down to fifty fathoms. There is, however, an apparently well- 
marked difference between the littoral specimens, which vary 
from three-quarters to one inch in length, are brownish in colour 
and firm in consistency, and the more delicate examples half an 
inch long, white with a brown tinge, which occur in deeper water. 

At low water Leptoplana may be found buried in mud or on 
the under surface of stones, in pools where darkness and damp- 
ness may be ensured till the return of the tide. It is, however, 
by no means easy to detect and remove it from the encrusting 



Fig. 2. — Leptoplana trcmellaris. Three-quarters view from the ventral surface. The 
pharynx (ph) is widely protruded through the mouth (mo) as in the act of attack- 
ing prey, hr, Brain with nerves, close to which are the four groups of eyes ; no/, 
stomach; mr/c, “marginal groove”; pe, penis; sc, sucker; vt, uterus; vtl, vusa 
deferentia ; 9» female genital aperture surrounded by the shell-gland ; 6 , male aper- 
ture. (Semi-diagrammatic, and x 6.) 

Polyzoa, Ascidians, or Sponges with which it is usually associated. 
The flat, soft, unsegmented body is so closely appressed to 
the substratum that its presence is usually only betrayed by its 
movement, an even gliding motion of the mobile body, which 
suggested the apt name “ la pellicule animee ” to Dicquemare. 
The creeping surface is called ventral, the upper one dorsal, and 
as the broader end of the body always goes first, it is anterior as 
opposed to the more pointed posterior extremity. With a lens 
the characters shown in Figs. 1 and 2 may be observed. The 
eyes are seen as black dots near the anterior end, and are 
placed at the sides of a clear oval space, the brain. Along the 
transparent margin of the body, the ends of the intestinal 
branches may be seen. These ramify from a lobed stomach or 
main-gut, and should the specimen be mature, the " uterus v loaded 
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with eggs forms a dark margin round the latter (Figs. 1 and 
2, lit). The ventral surface is whitish, and through it the 
“ pharynx,” a frilled protrusible structure, may be dimly observed. 
The “ mouth,” 1 through which the pharynx at the time of feeding 



Fid. 3 . — Leptoplana tremellnria in the act of swimming. A, Seen from the right sitle 
during the downward stroke (the resemblance to a skate is striking) ; B, from 
above, showing the upward stroke and longitudinal undulations of the swimming 
lobes ; C, side view during the upward stroke ; D, transverse sections of the body 
during the strokes. x 5. 

is thrust out (Fig. 2, mo), is almost in the centre of the ventral 
surface. Behind this, a white, V-shaped mark {yd) indicates the 
ducts of the male reproductive organs, and still further back is 
the irregular opaque mark of the "shell-gland,” by which the 
egg-shells are formed (Fig. 2, $). 

1 Since no food, but only the pharynx, passes through this* “mouth,** the term 
is unfortunate. Moreover the true mouth is the aperture placing the stomach in 
communication with the pharynx (Fig. 5, grn). 



io 


PLATYHELMINTHES TU RBELLARIA 


CHAl! 


Leptoplana employs two kinds of movement, creeping and 
swimming. Creeping is a uniform gliding movement, caused 
by the cilia of the ventral surface, aided perhaps by the longi- 
tudinal muscular layers of this surface, and is effected on the 
under side of the “ surface-film ” of water almost as well as on a 
solid substratum. Swimming is a more rapid and elegant move- 
ment, employed when alarmed or in pursuit of prey. The 
expanded fore-parts of the body act as lobes, which are flapped 
rapidly up over the body and then down beneath it, undulations 
running rapidly down them from before backwards. The action 
in fact is somewhat similar to that by which a skate swims, 
a resemblance pointed out long ago by Dugcs 1 (Fig. 3). 

We have few direct observations on the nature of the food of 
Leptoplana , or the exact mode by which it is obtained. Daly ell 
who observed this species very carefully, noticed that it was 
nocturnal and fed upon a Nereis, becoming greatly distended 
and of a green colour after the meal, but pale after a long fast. 
Keferstein 3 noticed a specimen in the act of devouring a 
Litmbriconcrcis longer than itself, and also found the radulae of 
Chiton and Taenioglossate Molluscs in the intestine. That such 
an apparently weak and defenceless animal does overpower large 
and healthy Annelids and Mollusca, has not hitherto been 
definitely proved. Weak or diseased examples may be chiefly 
selected. The flexible Leptoplana adheres firmly to its prey, and 
the rapid action of the salivary glands of its mobile pharynx 
quickly softens and disintegrates the internal parts of the victim. 
The food passes into the stomach (Fig. 2, mg), and is there 
digested. It is then transferred to the lateral branches of the 
intestine, and, after all the nutritious matters have been absorbed, 
the faeces are ejected with a sudden contraction of the whole 
body through the pharynx into the water. 

Leptoplana probably does not live more than a year. In the 
spring or summer, batches of eggs are laid and fixed to algae or 
stones by one individual, after having beeii fertilised by another. 
Young Leptoplana hatch out in two to three weeks, and lead a 

1 Ann. Sci. Nat . 1 ser. tom. xv. 1828, p. 146. “ La Planaire tremellaire . . . 

pent parcourir . . . cn faisant battre rapidement ses parties laterales & la maniere « 
des larges nagcoircs des Raies.” 

2 Observations on Planariac. Edinburgh, 1813, p. 12. 

3 “Zur Anat. u. Entwickl. einiger Seeplanarien v. St. Malo,” Abh. K. Gesell- 
seka/t d. Wiss . Gottingen, 1868. 
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pelagic existence till they are three or four millimetres in length. 
In late summer, numbers of such immature example's may be found 
among sea-weeds and Corcdlina in tide pools. In the succeeding 
spring they develop first the male and then the female reproduc- 
tive organs. 
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Fig. 4. — Portion of a trans verse suction of Leptophnut tmncllari s in the hinder part of 
the body, x 100. bm, Basement (skeletal) membrane ; oil, cilia ; d.m, diagonal 
muscles ; d.v.m , dorso-ventral muscles ; ep, epidermis ; f.p, food particles : l.tj, lateral 
intestinal branches cut across; l.m evt, external, and l.m inf, internal longitudinal 
muscle layers ; m.c, glandular (mucous) cells ; v\d, their ducts ; X, longitudinal 
nerve ; Xu, nuclei of the intestinal epithelium ; or, ovary ; ovd. oviduct ; pm\ 
cells of the parenchyma ; r.d, vasa deferentia, with spermatozoa ; rm, circular 
musculature ; rh, rliabdites ; sh, cells of the shell-gland ; tv, testes ; n\ vasa 
eiferentia ; y.c, “yellow cells.” (After T,img. ) 


Anatomy of Leptoplana tremellaris. — Lcptoplana may be 

divided into corresponding halves only by a median vertical 
longitudinal plane. The body and all the systems of organs are 
strictly bilaterally symmetrical. Excepting the cavities of the 
organs themselves, the body is solid. A connective “ parenchyma ” 
(Fig. 4, par) knits the various internal organs together, while it 
allows free play of one part on another. These organs are enclosed 
in a muscular body- wall, clothed externally by the ciliated epidermis, 
which is separated from the underlying musculature by a strong 
membrane (Fig. 4, bm), the only skeletal element in the body. 
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Body-Wall . — The epidermis (Fig. 4, ep) is composed of a 
single layer of ciliated cells, containing small, highly refractive, 
pointed rods or “ rhabdites ” (rh), and gives rise to deeply- 
placed mucous cells (m.c), which are glandular and pour out 
on the surface of the body a fluid in which the cilia vibrate. 
The tenacious hold on a stone which Leptoplana exerts if sud- 
denly disturbed, or when grasping its prey, is probably due to the 
increased glutinous secretion of these glands, aided perhaps by 
rhabdites, which on such occasions are shot out in great numbers. 
The basement membrane is an elastic skeletal membrane com- 
posed of stellate (jells embedded in a firm matrix. It serves 
chiefly for the origin and insertion of the dorso-ventral muscles 
(i tl.v.m ). Under the basement membrane lies a very thin layer 
of transverse muscular fibres (Fig. 4, rvi), which arc, however, 
apparently absent on the ventral surface. Then follows a stout 
layer of longitudinal fibres ( l.m ext ), and beneath this a diagonal 
layer (d.vi), the fibres of which intersect along the median line 
in such a way that the inner fibres of one side become the outer 
diagonal fibres of the other. Lastly, within this again, on the 
ventral surface, is a second stout longitudinal layer (/.m inf). 
The sucker (sc. Figs. 2 and o) is a modification of the body-wall 
at that point. In addition to the dorso-ventral muscles, there 
exists a complex visceral musculature regulating the movements 
of the pharynx, intestine, and copulatory organs. 

Parenchyma. — -The spaces between the main organs of the 
body are filled by a tissue containing various kinds of cells, 
salivary glands, shell-glands, and prostate glands. Besides these, 
however, we find a vacuolated, nucleated, thick-walled network, 
and to this the word parenchyma is properly applied. Besides 
its connective function, the parenchyma confers that elasticity on 
the body which Lcptoplana possesses in such a high degree. Pig- 
ment cells are found in the parenchyma in many Polyclads. 

Digestive System. — The general arrangement of this system 
may be seen in Figs. 2, 5, and 7 ; and may be compared, especially 
when the pharynx is protruded, as in Fig. 2, with the gastral 
system of a Medusa. The “ mouth ” (there is no anus) is placed 
almost in the centre of the ventral surface. It leads (Fig. 7, B ,phs) 
into a chamber (the peripharyngeal space) divided into an upper 
and a lower division by the insertion of a muscular collar-fold 
(the pharynx, jp/<.), which may be protruded, its free lips 
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advancing, through the mouth (Fig. 2), and is then capable of 
enclosing by its mobile frilled margin, prey as large as Leptojdana 
itself. The upper division of the chamber communicates by a 
hole in its roof 1 2 (the true mouth, Figs. 5 and 7, ff.m,) with the 
cavity of the main-gut or stomach ( vuj ), which runs almost the 
length of the body in the middle line, forwards over the brain 
(Fig. 5, up). Seven pairs of lateral gut-branches convey the 
digested food to the various organs, not directly however, but only 
after the food mixed with sea-water has been repeatedly driven 
by peristalsis first towards the blind end of the gut-branclies and 
then back towards the stomach. Respiration is probably largely 
effected by this means. The epithelium of the intestine (Fig. 4, 
l.g) of a starving specimen is composed of separate flagellated 
cells frequently containing “ yellow cells.” - After a meal, how- 
ever, the cell outlines are invisible. Gregarines, encysted Cercariae, 
and Orthonectida 3 occur parasitically in the gut-branches. 

An excretory system of “ flame-cells ” and fine vessels has 
hitherto been seen only by Schultze 4 in this species, which will 
not, however, resist intact the compression necessary to enable 
the details to be determined. They are probably similar to 
those of Thysanozoon described on p. 25. 

Nervous System. — The brain, which is enclosed in a tough 
capsule (Fig. 5, hr ), is placed in front of the pharynx, but some 
distance behind the anterior margin of the body. It is of an 
oval shape, subdivided superficially into right and left halves by 
a shallow depression, and is provided in front with a pair of 
granular-looking appendages, composed of ganglion-cells from which 
numerous sensory nerves arise, supplying the eyes and anterior 
region. Posteriorly the brain gives rise to a chiefly motor, 
nervous sheath (Fig. 5, nn ), which invests the body just within 
the musculature. This sheath is thickened along two ventral 
lines (Fig. 5, In) and two lateral lines ( n.s ), but is very slightly 
developed on the dorsal surface. Ganglion-cells occur on the 
course of the nerves, and are particularly large at the point of 
origin of the great motor nerves. 

Sense Organs. — Leptoplcma possesses eyes, stiff tactile, mar- 

1 The roof of the peripharyngeal chamber is hence known as the “diaphragm.” 

2 See Brandt, Fauna u. Flora d. Ool/es v. Xeapcl, Monogr. XIII. 1885, p. 65. 

8 See p. 94. 

4 Vcrluindlungcn d. med. OcscUschaft zu Wurzburg, iv. 1854, p. 223. 
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Fn;. 5. — Diagrammatic 
view of the struc- 
ture of Leptoplana 
tremeUaris as a 
type of the Poly- 
cladida. The body 
is cut across the 
middle to show the 
relative position of 
organs in trans- 
verse section. In 
the posterior half 
the alimentary 
canal has been bi- 
sected and removed 
from the left 
side, to exhibit the 
deeply placed nerv- 
ous sheath {nn) 
ami the male re- 
productive organs. 
hr, Brain ; dp, 
diaphragm ” ; e, 
cerebral group of 
eyes ; et, tentac- 
ular eye - group ; 
yr, marginal 
groove ; gm, true 
mouth ; lg, lateral 
gut - brancli ; In, 
longitudinal nerve 
stem ; m, external 
mouth ; mg, mg', 
main -gut, whole, 
and bisected ; w, 
sensory nerve sup- 
plying the eyes ; 
nn , nervous net- 
work lying on the 
ventral muscula- 
ture ; 7i.s, lateral 
nerve ; od, oviduct ; 
ov, ovary ; pe, ]>enis 
(in section) ; ph, 
pharynx ; pr, pros- 
tate or “ granule 
gland”; sc, sucker; 
sg, sliell-glaiul ; 
te, testes ; vp, an- 
terior unpaired 
gut - branch ; nt, 
uterus ; r a, vagina 
(in section) ; vd, 
vns deferens ; u, 
vasa etferentia ; 6 , 
male genital pore ; 
?, female pore. 
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ginal cilia, and possibly a sense organ in the “ marginal groove.” 
The eyes, which sire easily seen as collections of black dots lying 
at the sides of the brain, may be divided into two paired groups: 
(1) cerebral eyes (Fig. 5, e), and (2) ten- 
tacle eyes (et), which indicate the position 
of a pair of tentacles in allied forms (Fig. 

8, A, t and B). Each ocellus consists of 
a capsule placed at right angles to the 
surface of the body in the parenchyma, 
below the dorsal muscles, and with its con- 
vex face outwards. It is a single cell 
in which pigment granules have accumu- 
lated. The light, however, can only reach 
the refractive rods, which lie within it, 
obliquely at their outer ends. These rods 
are in connexion with the retinal cells, and 
thus communicate by the optic nerve witli 
the brain. The cerebral eyes are really paired, and are directed 
some upwards, some sideways, some downwards. 

The " marginal groove ” is a shallow depression of the 
epidermis (Fig. o, gr) lined by cilia, and containing the ducts 
of very numerous gland-cells. It runs almost parallel to the 
anterior margin of the body, a short distance from it, but we 
have no observations on its functions. 

Reproductive Organs. — Leptoplana is hermaphrodite, and, 
as in most hermaphrodites, the reproductive organs are com- 
plicated. The male organs are the first to ripen, but this does 
not appear to prevent an overlapping of the periods of maturity 
of the male and female products, so that when the eggs are 
being laid, the male organs are, apparently, still in a functional 
state. The principal parts are seen in Fig. 5. The very 
numerous testes (te) are placed ventrally, and are connected with 
fine vasa efferentia (ve), which form a delicate network opening at 
various points into the two vasa deferentia (vd). These tubes, 
especially when distended with spermatozoa, may easily be seen 
(Fig. 2, vd) converging at the base of the penis, and connected 
posteriorly by a loop that runs behind the female genital pore 
(Fig. 5). The penis (pe) is pyriform and muscular, and is 
divided into two chambers, a large upper one for the sperma- 
tozoa, and a smaller lower one for the secretion of a special 



Fig. 6. — Diagram of an eye 
of Leptoplana from the 
tentacle group, x 600. 
(After hang.) 
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“ prostate ” gland. The apex of the penis is eversible and not 
merely protrusible, being turned inside out when evaginated. The 
ovaries (Fig. 5, ov) are numerous and somewhat spherical. They 
are dorsally placed, but when fully developed extend deeply 
wherever they can find room to do so, and they not only furnish 
the * ova, but elaborate food-yolk in the ova, as there are no 
special yolk-glands. The slender oviducts ( od ) open at several 
points into the “ uterus ” (ut) (a misnomer, as no development 
takes place within it), which encircles the pharynx, and opens by 
a single duct into the vagina (va). Here the ova are probably 
fertilised, and one by one invested by the shell-gland (sg) with a 
secretion which hardens and forms a resistant shell. They are 
then laid in plate-like masses which are attached to stones or 
shells. The development is a direct one, and the young Lepto - 
plana , which hatches in about three weeks, has the outline of a 
spherical triangle, and possesses most of the organs of the adult. 
After leading a floating life for a few weeks it probably attains 
maturity in about nine months. 

Classification, Habits, and Structure of the Polycladida. 

The Polyclads were so called by Lang on account of the numerous 
primary branches of their intestine. They are free-living, purely 
marine Platyhelminthes, possessing multiple ovaries, distinct male 
and female genital .pores (Digonopora), but no yolk-glands. The 
eggs are small, and. in many cases give rise to a distinct larval 
form, known as “ Muller’s larva” (Fig. 12). The Polyclads, with 
one exception, 1 fall into two sub-groups, Acotylea and Cotylea : — 

Character. Acotylea. Cotylea. 

Sucker . . A sucker absent. 2 A sucker always present (Figs. 

8, D, s p 7f A., Sij). 

Mouth . . In the middle, or behind the In the middle, or in front of the 

middle, of the ventral sur- middle, of the ventral surface, 
face. 

Pharynx . . More or less intricately folded. Rarely folded. Usually cylin- 

drical or Jrumpet-shaped. 

Tentacles. . A pair of dorsal tentacles A pair of marginal tentacles (ex- 
, usually present. cept ill Anonymua). 

Development Usually direct. Larva when Muller’s larva present. Metamor- 
present, not a typical Muller’s phosis, however, extremely 
larva. slight. 

1 Enantia spini/era Grff. Mittheil . d. Naturwi&s . Verein . /. Steiermark, 1889. 

3 The sucker of Leptoplana tremellaris probably does not correspond with that 
of the Cotylea. « 
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Fig. 8 shows that, starting with a member (A, D) of each 
division, in which the mouth is almost in the middle of the 
ventral surface, and the brain and sense organs somewhat 
remote from the anterior end, we find in the Acotylea a series 
leading to an elongated form (Cestoplanidae), in which the 
mouth, pharynx, and genital pores are far back near the hinder 




ph m m 
ph 


Fi< . 7. — Diagrammatic vertical longitudinal sections: A, Of Proathioatom am (types of 
Cotylea) ; B, of Lcpto plana ; C, of Cesto plana (types of Acotylea). (After Lang.) 
These figures illustrate the changes 'which follow the shifting of the mouth from 
a central position (B) to cither end of the body, hr, Brain ; dphm , “diaphragm ” ; 
gm-y true mouth ; lg t openings of lateral gut-branches ; in, mouth ; mg, main-gut 
or stomach ; vtgbr, median gut -branch ; ph, pharynx ; ph.m, aperture in pharyn- 
geal fold ; phs, peripharyngeal sheath ; sc, sucker ; <J, inale, and 9, female, genital 
aperture. 


end of the body; while in the Cotylea the series leads simi- 
larly to the elongated Prosthiostomatidae, in which, however, 
the pharynx and external apertures are. in the front part of 
the body. This vie\fr of tile morphology of the Polyclads is 
due to Lang, and is based on the assumption that the more 
radially -constructed forms" (Fig. 8, A, D) are the primitive 
ones. 
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Fig. 8. — Chief forms of Folycladida : A-C, Aeotylea ; D-F, Cotylea. A, Phnmrera 
graffii Lang, nat. size ; B, Stt/lt*',hojtl(i?ui mam lata Stimps, x 7 ; C, Crstojt/tw a 
rubrocitu'ta Lang, x ^ ; D, Anonynws virilis Lang, x 3, ventral surface ; E, 
Thysanozoon b rare hit Grube, nat. size ; the head is thrown back and tjio pharynx 
(pk) is protruded. F, Prosth ioxtojn um siphuncvlus Lang, x 3. Jh\ Brain ; C(J, 
cerebral eye group ; 1 )M, true mouth ; Ky, marginal eyes ; m, mouth ; MO, 
main-gut or stomach ; P, dorsal papillae ; Ph, pharynx ; s, sucker (ventral) ; 
T , tentacles ; UP, dorsal median gut-brancli. <5, male, and 9, female, genital 
aperture, except in D, where <$ refers to the multiple penes. (After Lang and 
Schmidt. ) 
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Classification of Polycladida. 


ACOTYLKA. 


Family. Genus. British Representatives. 


Planocekidae. I 

With dorsal tentacles. *, 
Mouth sub-central. 


Leptgim.axipak. 
Without dorsal tenta- 
cles. Penis directed 
backwards. 


Planoccra (Fig. 8, A). 
Imoyinc. 

Conoccros . 

Stylochns. 

Shy lock op tana (Fig. 8, B). 

Diplonehns. 

Plancloplana. 

Di&coccli s. 

Cryptocdis. 

TjvpUrpla mi. 

Triyonopo ms. 

! Poly post in (see p. 27). 


Planoccra folium Orube. 

Berwick-on-Tweed. 

S tylo c h op l a n a m. acu lata 
Qnatref. Among brown 
weeds in Laminarian zone. 


Lcptoplana t re me Haris O. F. 

Mull. 

L . fall ax Quatre f. Ply inou 1 1 1 . 
L. d roc barkens is Oe. Ply- 
mouth Sound. 

L. atoinata 0. F. Mull. 
Doubtful species. 


Cestoplanidak. 

No tentacles. Body 
elongated. Penis 
directed forwards. 

Enantiidak. 

No sucker. No tentacles. 
Main-gut very short. 
External apertures as 
in Eurylcptidac. 


Ccsto] ilana, (Fig. 8, C). 

In Mediterranean alid 
011 French side of the 
Channel. 


Ena a lia. 
Adriatic Sea. 


COTYLEA. 

Anonymidae. I 

Mouth central. No J A no uy mas (Fig. 8, D). 
tentacles. With two j Naples (two specimens), 
rows of penes. 

PsKriXM’EKIllAE. 

Marginal tentacles 
folded. Mouth in 
anterior half. 


Ebuyleitidae. 

Tentacles usually pre- 
sent and pointed, or 
represented by two 
grou ps of eyes. Mouth 
close to anterior end. 
Pharynx cylindrical. 


j Prosthcccracus. 
I Cyclopoms. 

I Euryhpta. 
Ofiyoclad ns. 
Stylostomu.nl . 


I Thysanozuon (Fig. 8, E). 
- Vscudoccros. 

I Ynnyia. 


P KOSTH I OSTOM ATIDA K. i 

Tentacles absent. Body I 
elongated. Pharynx | Prosthiostomurn (Fig. 8, 
long, cylindrical.'! F). 

Penis with accessory I 
muscular vesicles. 1 


Pros/ It rce mens villains Mont:. 

On west coast. 

P. aryus Quatref. (Guernsey. 
Cyclopoms papil/osus Lang. 

On Ascidians in 2-80 fms. 
Eurylcpta co rnnta O. F. Miill. 
O 11 sponges and shells, 
2-10 fms. 

Oliyodadus sa it yu i note ulus 
Ouatref. 

0. auritus Clap. Doubtful. 
Slylusloinwnt variabile Lang. 
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Appearance and Size of Folyclad Turbellaria. — Polyclads 
are almost unique amongst animals in possessing a broad and 
thin, delicate body that glides like a living pellicle over stones 
and weeds, moulding itself on to any inequalities of the surface 
over which it is travelling, yet so fragile that a touch of the 
finger will rend its tissues and often cause its speedy dissolution. 
The dorsal surface in a few forms is raised into fine processes 
( Planocera villosa ), or into hollow papillae ( Thysanozoon brocchii ), 
and in very rare cases may be armed with spines ( Acantliozoon 
ar mat urn} Ena.ntia spini/era) ; in others, again, nettle-cells (nema- 
tocysts) are found (Stylochoplana tarda , Anonymns virilis ). Some 
Polyclads, especially the pelagic forms, are almost transparent ; 
in others, the colour may be an intense orange or velvety 
black, and is then due to peculiar deposits in the epidermal cells. 
Between these two extremes the colour is dependent upon the 
blending of two sources, the pigment of the body itself and the 
tint of the food. Thus a starved Zeptoplana is almost or quite 
white, a specimen fed on vascular tissue reddish. Many forms 
are coloured in such a way as to make their detection exceed- 
ingly difficult, but this is probably not merely due, as Daly ell 
supposed, to the substratum furnishing them with food and thus 
colouring them sympathetically, but is probably a result of 
natural selection. 

The largest Polyelad, the bulkiest Turbellarian, is Leptoplana 
(jigas (6 inches long and 4 in breadth), taken by Schmarda, 
free-swimming, off the coast of Ceylon. The largest European 
form is Fsmdoceros ma.rimu.% 3^* inches in length and stoutly 
built. A British species, Prostheccraeus vittalus , attains a length 
of from 2 to 3 inches. These large forms, especially the 
Pseudoceridae (pre-eminently the family of big Polyclads), are 
brightly coloured, and usually possess good swimming powers, 
since, being broad and flat, they are certainly not well adapted for 
creeping rapidly, and this is well shown by the way these 
Polyclads take to swimming when in pursuit of prey at night. 
The size of any individual is determined, amongst other factors, 
by ' the period at which maturity sets in, after which prob- 
ably no increase takes place. Polyclads apparently live about 
twelve months, and mature specimens of the same species vary 
from jjr inch to 2^ inches in length ( Thysanozoon brocchii ), 

1 Collingwood, Tran -a. Linn. Soc. 2 aer. vol. i. pt. 3, 1876, p. 83. 
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showing that growth is, under favourable conditions, very 
rapid. 

Habits of Polyclad Turbellaria. — Polyclads are exclusively 
marine, and for the most part littoral, animals. Moreover, there 
is no evidence of their occurrence in those inland seas where 
certain marine animals (including one or two species of other- 
wise characteristically marine Rhabdocoelida, p. 46) have per- 
sisted under changed conditions. From half-tide mark down to 
50 fathoms, some Polyclads probably occur on all coasts, but as 
to their relative abundance in different seas we have very little 
accurate information. The southern seas of Europe possess more 
individuals and species than the northern, and probably the 
maximum development of the group takes place on the coasts 
and coral islands of the tropics. 1 No Polyclads have been taken 
below 60 fathoms ; but their delicacy and inconspicuousness render 
this negative evidence of little value. Six truly pelagic forms, 
however, are known, 2 and these are interesting on account of their 
wide distribution (three occurring in the Atlantic, Pacific, and 
Indian oceans), and also from the distinct modifications they 
have undergone in relation to their pelagic existence. 

Whatever may be the interpretations of the fact, Polyclads 
are notoriously difficult to detect, and this fact doubtless explains 
the scanty references to them by the older naturalists who col- 
lected even in tropical seas. Lang, who worked seven years at 
Naples, added to the Mediterranean fauna as many Polyclads as 
were previously known for all Europe, in spite of the assiduous 
labours of his predecessors, Delle Ohiaje and Q via t refuges. 
Again TIallez, collecting at Wimereux at low -water, obtained 
some twenty specimens of Leptoplana ircmdhtris in an hour, 
while some other collectors working by liis side could only find 
two or three. Yet, even making allowance for the difficulty of 
finding Polyclads, few of them appear to be abundant. 

Leptoplana tremellaris is frequently associated with colonies 
of Botryllus , and if separated soon perishes, whereas the free- 
living individuals are distinctly hardy (Hallez). A closely allied 
but possibly distinct form lives upon the surface of the Polyzoon 

1 Von Stummer-Traunfels, Zcitschr. f. wish. Zool. Bd. lx. 1895, p. 689. 

2 Planoccra pcllucida Mertens, P. simrothi v. Orff., P. yrubci Grff., Stylocho- 
plnna sargassicola Mertens, S. calif omica Woodworth, Plancloplana challcnyeri 
Grff., all belonging to the Planoceridae. See v. Graff, “ Pelagische Polycladen," 
Zeit8chrift /. wiss. Zoologic , Bd. lv. 1892, p. 190. 
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Schizoporella , on the French side of the Channel, and cannot 
long endure separation from its natural habitat, to which it 
is adaptively coloured. A striking case of protective mimicry 
is exhibited by Cycloporus papUlosus , on the British coasts. 
This species, eminently variable in colour and in the presence or 
absence of dorsal papillae, is usually a quarter of an inch in 
length and of a firm consistency. Fixed by its sucker to Poly- 
clinid and other Ascidians, Cycloporus appears part and parcel of 
the substratum, an interesting parallel to Lamellaria perspictia, 1 
though we are not justified in calling the Polyclad parasitic. 
Indeed, though a few (jases of association between Polyclads and 
large Gasteropods, Holnthurians, and Echinids are known, 2 there 
is only one case, that of Planocera inquilina , 3 in the branchial 
chamber of the Gasteropod Sycotypus canaliculatus, which would 
seem to bear the interpretation of parasitism. The jet-black Pse udo- 
cer os velutinus and the orange Yungia aurantiaca of the Medi- 
terranean, are large conspicuous forms with no attempt at con- 
cealment, but their taste, which is not known, may protect them. 
Other habits, curiously analogous with devices employed by 
Nudibrancli Mollusca (compare Thysanozoon brocchii witli Aeoiis 
papilhmt); emphasise the conclusion that the struggle for exist- 
ence in the littoral zone has adapted almost each Polyclad to its 
particular habitat. 

As regards the vertical distribution of this group on the 
British coasts, Leptoplana tremellaris lias an extensive range, and 
appears to come from deeper to shallower water to breed. 4 In 
the upper part of the Laminarian zone, Cycloporus papUlosus , 
and, among brown weeds, Stylochoplami maculata are found. At 
and below lowest water-mark Prostheceracus vittatus, P. argus , 
and Enrylepta cornuta occur. Stylostomuui variabile and Oligo- 
cladus sanguinolentus , thougli occasionally found between tide- 
marks, especially in the Channel Islands, are characteristic, along 
with Leptoplana droebachensis and L. fallax, of dredge material 
from 10 to 20 fathoms. 

Locomotion. — Locomotion is generally performed by Poly- 
clads at night when in search of food, and two methods, creeping 

1 Cambridge Natural History, vol. iii. p. 74. 

2 Lang, “ Polycladcn” p. 629. 

3 Wheeler, Journal of Morphology, vol. ix. part 2, 1894, p. 195. 

4 Many Nudibranchiate Mollusca undergo this change of habitat. See Garatang, 
Journal of the Marine Biological Assoc . n.s. i. No. 4, 1890, p. 447. 
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and swimming, are usually employed — creeping by the cilia, 
aided possibly, as in the case of some Gasteropod Mollusca, by 
the longitudinal muscles of the ventral surface ; and swimming, 
by undulations of the expanded margins of the body. In the 
former case the cilia work in a glandular secretion which bathes 
the body, and enables them to effect their purpose equally well 
on different substrata. The anterior region is generally lifted 
up, exploring the surroundings by the aid of the tentacles, which 
are here usually present. The rest of the body is closely appressed 
to the ground. 

Swimming is particularly well performed by the Pseudoceridae, 
certain species of Prostheceracus , the large Planoceridae, some 
Stylochoplana , Discocelis, and Leptoplana, and in the same manner 
as in Leptoplana tremdluris (p. 9). In Cryptocelis , Leptoplana 
alcinoi, and L. pallida , how- 
ever, the whole body executes a . 

serpentine movements like an C/Nf * 
active leech (e.g. Ncphdix ) ; a 
cross section of the body would 
thus present the same appear- 
ance during the whole move- 
ment. Many Polydads, notably 
Anonymm (I^ang), if irritated, 
spread out in all directions, V 
becoming exceeding thin and SL J ' f jjj| 

Discocelis lichenoides , Plan - 'V ^y|!|[ 

ocera grajfii, and Anonymus ph 

virilis have peculiar modes of JEmf 

progression. The first, accord- JHf 

ing to Mertens, will climb up 

the sides of a vessel by means dchenmiles Mert. (after 

^ Mertens), creeping on the inner side of a 

of the expanded lobes of the glass vessel by means of the lobes of the 
nharvnx (Firr 9 nh') a hahit of ^tended and exceedingly mobile plmr- 

pnarj nx ^ r ig. j , pup a na on oi ynx Theae lobeH alao Herve to eiIcloao 

considerable interest, since we Crustacea («), and one lobe may then 

k„o» that aertam Ctenopl.or™ £^f 1ST. STwIk'taS, M 

Lampetia , for instance pro- shell-gland (sy) are shown by trans- 

i , . pareney. 

gress when not swimming on 

the expanded lobes of their “ stomach.” 1 Planocera and Anonymus 
Chun, “ Ctenophoren,” Fauna u. Flora O. v. Ncapel , Monogr. I. 1880, p. 180. 
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creep by extending parts of the anterior margin and dragging 
the rest of the body behind. In consequence, the brain and 
dorsal tentacles may come to lie actually behind the middle of 
the body, and thus no definite anterior end or “ head ” advances 
first. Along with this curious habit it may be noticed (Lang) 
that the radial symmetry of the body is well marked ; but even 
without accepting this author's suggestion of the concurrent 
development of a “ head ” with locomotion in a definite direction, 
the facts, whether these two forms are primitive or not, are 
highly interesting. 

Food. — Though we are probably right in calling Tolyclads a 
carnivorous group, the food of very few forms has been ascer- 
tained. Those which possess a large frilled pharynx (most 
Acotylea) probably enclose and digest large, and, it may be, 
powerful prey, as appears to be the case in Icptopl ana tremrl - 
laris. Cryptocelis alba has been seen by Lang with the pharynx 
so distended, owing to a* large Drcpanophorus (Nemertine) which 
it contained, as to resemble a yolk-sac projecting from the under 
surface of an embryo. The Cotylea such as Thysanozoon , with a 
bell- or trumpet-shaped pharynx, are fond of fixing this to the side 
of the aquarium, but whether they thus obtain minute organisms 
is not clear. Prosthiostomnm shoots out its long pharynx with 
great vehemence (Fig. 8, F) and snaps up small Annelids by its 
aid (Lang). Those Poly clads which, as Cycloporus and others, 
are definitely associated witli other organisms are not certainly 

known to feed upon the latter, 
though “ Planaria vet e! !ae ” has 
been seen by Lesson 1 devouring 
the fleshy parts of its host. The 
salivary glands which open on 
the lips and the inner sur- 
face of the pharynx powerfully 
disintegrate the flesh of the prey. 

Km. 10 . — Diagram of the musculature, Digestion takes place in the 

causing peristaltic movements of the main-gut, and the circulation of 
intestinal branches of Polvclads. „ . . . . . . . _ 

(Alter Lang.) the food is accomplished by the 

sphinetral musculature of the 
intestinal brandies (conf. Leptoplana , p. 13). 

A distinct vent or anus is always absent. After a meal the 
1 Sec Lang, “ Polycladcn p. 607. 
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faecal matter collects in the main-gut, and is discharged violently 
by the pharynx into the water. In a few species, however, 
the intestinal branches open to the exterior (Lang). Yungia 
aurantiaca , a large and abundant Neapolitan form, possesses 
such openings over the greater part of the dorsal surface ; 
Cycloporus papilloma has marginal pores ; Oligocladus sanguino- 
lentus apparently possesses an opening at the posterior end of 
the main-gut ; and Thysanozoon brocchvi frequently rends at this 
point, in consequence of the accumulation of food. 

Respiration. — The oxygen of the atmosphere dissolved in 
the sea-water is, in default of a special circulatory fluid, brought 
to the tissues of I'olyclads in two ways. The ciliated epidermis 
provides a constant change of the surrounding water, by which 
the superficial organs may obtain their supply; and the peri- 
staltic movements of the digestive system, aided by the cilia of 
the cndoderm cells, ensure a rough circulation of the sea-water, 
which (niters along with the food, to the internal organs. Tin*, 
papillae of Thysanozoon brocchii , containing outgrowths of the 
intestinal branches, are possibly so much additional respiratory 
surface, although still larger forms f other I’seudoceridae) are 
devoid of such outgrowths. 

Excretion. — The excretory system of only one Polyclad 
(Thysanozoon brocchvi) is accurately known. Lung, by compressing 
light-coloured specimens, found the three parts of the system 
known to occur in many Platyhelminthes : (1) the larger longi- 
tudinal canals, and (2) the capillary vessels, which commence with 
(3) the flame-cells in the parenchyma of the body. The mode of 
distribution of these parts is not, however, ascertained. The canals 
are delicate, sinuous, apparently intracellular tubes, coursing close, 
to the margin of the body and sending offsets which suspend the 
canals to the dorsal surface, where possibly openings may occur. 
In dilatations of these vessels bunches of cilia, and occasionally 
flame-cells, are found. Usually, however, flame-cells occur at the 
commencement or during the course of the capillaries, which are 
straight, rarely branching, tubes of exceeding tenuity, and 
appear (Lang) to be outgrowths of the flame-cells, just as the 
duct is an outgrowth of a gland-cell. In fact there is little doubt 
that the stellate flame-cells are modified parenchymatous gland- 
cells, containing a lumen filled with a fluid into which a number 
of cilia project and vibrate synchronously. The cells excrete 
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uitrogeneous waste substances, which are then discharged into the 
capillaries, whence the cilia of the main vessels drive them pre- 
sumably to the exterior, though external openings of the excretory 
system are not known. Traces of this system have been observed 
in young Leptoplana (first by Schultze in 1854) and also in 
Cestoplana. 

Sensation. — A nervous sheath, with scattered ganglion cells, 
everywhere underlies the musculature. It is exceedingly faintly 
marked on the dorsal surface, but laterally and ventrally forms 
a dense network with polygonal meshes. Thickenings of this 
sheath give rise to lateral nerves, and also to a pair of stout longi- 
tudinal nerves from which the internal organs are probably in- 
nervated. The brain, hardly distinct in pelagic Polyclads, in most 
forms does not differ greatly from that of Leptoplana (p. 13). 

The sense organs of Polyclads have the form of tentacles, 
eyes, otocysts (in Leptoplana otophora ), and stiff tactile cilia. The 
solid dorsal tentacles of Planoceridae contrast strongly with the 
folded or pointed hollow processes of the Cotylea. The former 
(Fig. 8, A, 7 1 ) are muscular and very contractile, and are placed 
near the brain some distance from the anterior end. The latter 
are outgrowths of the front margin of the body, and are some- 
times ( Yunrjia ) provided superficially with olfactory pits and 
internally with eyes and intestinal coeca. 

The eyes which occur in Folyclads may be divided into (a) a 
pair of cerebral groups overlying the brain; (ft) those embedded 
in the tentacles (tentacular group) ; and (e) the marginal eyes, 
which in Anonymus occur all round the margin. A complex 
form is sometimes assumed by the cerebral eyes of Pseudoceridae, 
resulting probably from incomplete fission (Fig. II). Lepto- 
plana otophora was obtained by Schmarda on the south coast of 
Ceylon. On each side of the brain is a capsule containing two 
otoliths. This is the only known case of the occurrence of 
these organs in Polyclads. 

Reproduction. — Although Polyclads are able to repair the 
result of injuries to a very considerable extent, they are not known 
to multiply asexually. The two processes are intimately associated, 
but, though probably all Turbellaria can regenerate certain lost 
parts, asexual reproduction only occurs sporadically. 

All known Polyclads are hermaphrodite. The male organs, 
scattered, like the testes of Leptoplana , over the ventral surface. 
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develop earlier than the ovaries, though the periods of maturation 
overlap ; hence the possibility of self-fertilisation, though remote, 
is still worth consideration. The genital apertures, through 
which, in the male, spermatozoa, and in the female, ova, are 
emitted, are usually situated as in Lrptoplana (Figs. 2 and f>, 
< ? and 9 ). In Triyonoporus , a genus once found at Naples, a 
secondary female aperture lias been discovered leading into the 
female genital canal 1 ; and in Anonymus , Poly post ia , and Thysa- 
nozoon (Fig. 7, E, <?) two or more male pores and penes have 
been found. Anonymus has several penes (Fig. 7, 1>, ) 

arranged radially round the body. Poly post, ia y a remarkable form 
described by Bergendal,- belonging to the Acotylea, possesses 



Fig. 11. — Double eye from the cerebral group of PsnuJncrros nutsiiiius. (After Lang.) 


about twenty such structures ranged round the female genital 
aperture. Ding, whose attention was attracted by these singular 
facts, made the interesting discovery that Thysonozoon uses its 
penes as weapons of offence rather than as copulating organs, 
burying them in the skin of another Polyclad ( Yunyia ) that 
happened to cross its path, spermatozoa being of course left in 
the wound. Lang further found that Prosthece/raeus albocinctus 
and Cnjptocelis alba in this way implanted a spcrmatophore in 
the skin of another individual of the same species, and he 
suggested that from this point the spermatozoa wandered through 
the tissues till they met with and fertilised the eggs. It 
is now known that a similar process of “ hypodermic impreg- 
nation ” occurs sporadically in several groups of animals. 3 

1 Lang, “ Polycladca PI. 30, Fig. 8. 

2 Kongl. Fyaiograf. Sdllskaprts Ilawdlinijar , Bd. iv. Lund, 1892-93. 

3 Whitman, Journal of Morphology , vol. iv. 1890, ]». 301. 
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Nevertheless, in some Polyelads it is probable, and in Stylo - 
chus neapolitanus it is certain, that normal copulation takes 
place. The sperm-masses are transferred to a coecal diverti- 
culum of the female genital canal, and then by a delicate 
mechanism, of which we know only the effects, one sperma- 
tozoon obtains entrance into one matured ovum, which differs 
from the ova of most Turbellaria in that it contains in its own 
protoplasm the yolk necessary for the nutrition of the embryo. 
In other words, there are no special yolk-glands. After fertilisa- 
tion, the ovum in all Polyelads is coated with a shell formed by 
the shell-gland, which also secretes a substance uniting the eggs 
together. They are deposited on stones and shells, either in 
plate-like masses or in spirals (like those of Nudibranchs). 
Cryptocelis alba lays masses of an annular shape, with two ova 
in each shell, and buries them in sand. 

Development. 1 — The first stages in the embryology of 
Polyelads appear to be very uniform. They result, in all 
Cotylea and in certain Planoceridae, in the formation of a 
Muller’s larva (Fig. 12) about a couple of weeks after the eggs 
are laid. This larva (1-1*8 mm. long), which is modified in the 
Planoceridae, is distinguished by the presence of a ciliated band, 
running somewhat transversely round the body, and usually 
produced into a dorsal, a ventral, and three pairs of lateral 
processes. "When swimming the bod}” is placed as in Fig. 12, 
and twists round rapidly about its longitudinal axis by means 
of the strong locomotor cilia placed in transverse rows upon 
the processes. The cilia of each row vibrate synchronously, and 
recall the action of the swimming plates of a Ctenophore. It 
is noteworthy that whereas Stylochus jiilidium passes through 
a modified or, according to some authors, a primitive larval 
stage, its near ally, S. neapolitanus , develops directly. Most 

1 A full account of Polyclad development is contained in Lang’s “ Polycladcn,” 
with references to the literature of the subject. Since the date of that work (1884) 
the embryology of Ctenopliora has become better known, but, though the segment- 
ation of the egg and early stages of development are very similar in both cases, 
the elaborate investigations of E. B. Wilson ( Journ . Morphology , vol. vi. p. 361) 
show that the segmentation of Polychaet worms is again similar. The question of the 
affinities of the Polycladida is also discussed by Lang (“ Polycladcn ,” p. 642 ct seq.). 
The work of the last decade has neither proved nor disproved his suggestion that 
the Ctenophores and Polyelads have been derived from common ancestors. On this 
subject the remarks made by Hatscliek ( Lehrhuch d. Zoologic , p. 319) are some of 
the weightiest that have appeared. 
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Acotylea indeed develop directly, and their free-swimming young 
differ from Muller’s larva merely in the absence of the ciliated 
band and in the mode of swimming. 



Fi<i. 12. — Section through 
Muller's larva of Thi/- 
sanozoou brocchii 
(modified from Lang). 
The right half is seen 
from inside. x 150. 
Semi-diagram 111 a tie. 

Brain ; tU % dorsal 
ciliated lobe; ///■, saliv- 
ary gland-cells of phar- 
ynx ; e , eje ; e/t t cili- 
ated e]>i<lermis contain - 
ing rhahdites ; mg, 
stomach or main-gut ; 
mg l9 unpaired gut 
branch over the brain ; 
mo t “ month " of larva ; 
u, Wj, section of nerves ; 
oe, ectodermic pit 
forming oesophagus of 
larva ; par, paren- 
chyma filling the space 
between the ulimentary 
tract and the body 
wall ; p/i, pharynx 


lying in the cavity of the peripharyngeal sheath, the nuclei of which are visible ; si j, 


.s/ 2l .v/j, lateral ciliated lobes of the rig] it side ; rl ventral ciliated lobe. 



Fi«». 13. — Diagrammatic transverse sections 
of a larval Polyelad at different stages, 
to illustrate the development of • the 
pharynx. (After Lang.) A, Larva of the 
eighth day still within the shell. The 
main-gut(w</) is stillsolid, the epidermis 
is slightly invoginated, and a pair of mus- 
cular mcsodermic thickenings (ms) are 
present. B, Young pelagic larva. The 
epidermic invagination has deepened 
and developed laterally. C, The lateral 
pouches have formed the wall of the 
peripharyngeal sheath, enclosing the 
mesodermic, muscular, thickening or 
pharyngeal fold (ph). (Compare Fig. 12. ) 
Towards the end of larval life, when 
tlie ciliated processes (si, Fig. 1*2) have 
aborted, the stage D is reached. By 
the opening outwards of the pharyngeal 


sheath ( ph.sh ) the two apertures gm , or true mouth, and m, or external mouth, are 


formed, which together correspond with the oesophageal opening of the younger larva. 


(Compare the transverse section in Fig. 5.) 


Polyclads possess an undoubted mesoderm, which gives rise 
to the muscles, the pharyngeal fold, and the parenchyma. The 
ectoderm forms the epidermis, in the cells of which the rhab- 
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dites (Fig. 12) arise, apparently as so many condensed secretions. 
From the ectoderm the brain arises as two pairs of ingrowths, 
which fuse together, and from these the peripheral nervous system 
grows out. Three pigmented ectoderm cells give rise, by 
division, to the eyes — an impaired cell (Fig. 12, c ) to the cere- 
bral group of eyes, and the other two to the marginal and 
tentacular groups. The copulatory organs apparently arise to a 
large extent as ingrowths from the ectoderm, from which the 
Accessory glands (prostates, shell-glands) are also formed. The 
endoderm forms the lining of the main-gut and its branches. 
The pharynx is developed as in Fig. 13, which shows that the 
“ mouth ” of the young larva (C) does not correspond exactly with 
that of the adult (D). * The salivary glands arise from ectoderm 
cells, which sink deeply into the parenchyma. The reproductive 
organs (ovaries and testes) possibly aris# by proliferation from 
the gut-cells (luting, v. Graff). The change from the larva to the 
adult is gradual, the ciliary band being absorbed and the creep- 
ing mode of life adopted. 

Turbellaria. II. Tricladida. 

The Triclads are most conveniently divided into three groups 1 : 
(i.) Pahulicola, the Planar ians of ponds and streams; (ii.) the 
Maricola , the Triclads of the sea ; and (iii.) Terricola or Land 
Planarians. From . the Polyclads they differ in their mode of 
occurrence ; in the elongated form of their body and almost 
constant, mid -ventral position of the mouth; in possessing a 
single external genital pore (Monogopora) ; and in the production 
of a few, large, hard-shelled eggs provided with food-yolk. 

Occurrence of the Paludicola. — The Planarians of our ponds 
and streams are the most familiar and accessible Turbellaria. 
Their elongated, flattened bodies, and gliding movements, render 
them conspicuous objects on the under surface of stones and on 
the leaves of aquatic plants, where they live gregariously. The 
variable Polycclis nigra (Fig. 14, H) is very abundant in stagnant 
water and slowly-moving streams, whereas its ally, P. cornnta 
(Fig. 14, G), distinguished by a pair of tentacles, is more local. 
PI anuria (. Dendrucoelum ) lactea (A), P. polycliroa (I), P. torva, 
and P. punctata are not infrequently found together, but the last 

1 Halle/, lienee Biologique du Nord de la France , tom. ii. 1889-90. 
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is at once the largest and rarest. l’lanarut ((Ipina (Fig. 14, 13) 



Fig. 14. — Forms of Trie lads, witli the distinguishing specific characters of certain 
British forms. A, Planaria lactea 0. F. M., x2; B, 1*1 anuria alpina Dana, x 4 
(after Kennel) ; C, Phagocata gracilis Leidy (after Woodworth), x (5 ; C', the same 
with the pharynges (ph) extruded; D, l Simula ulrac Ocr. , x 4 ; E, Planaria 
gonocephala Dug. (after Schmidt), x 4 ; F, genitalia of Ouiula ulrac (after Wendt) : 
G, head of Polycelis comuta Schm. ; H, head of Polycelis nigra Khr. ; I, head of 
Planaria polychroa Schm. K to N show the distinctive characters of the genital 
ducts in K, Polycelis nigra ; L. Planaria poiychma , ; M, Planaria alpina ; N, 
Planaria torva Schultze (after Jijima and v. Kennel), ga, Genital .atrium ; go, 
common' genital opening; mgr, “ musculo - glandular organ”; mo, “mouth”; 
ord, oviduct ; pc, penis ; ph, pharynx ; pyr, pyriform organs of unknown signifi- 
cance ; sc, sucker ; sp, spermatophore lying in (ut) uterus ; cd, vesicula seminalis. 
(All except C and E are found in England.) 


is characteristic of cold mountain streams, but occurs down to 
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sea-level in England, the Isle of Man, and Ireland, and from its 
abundance in spring water, probably enjoys a wide distribution 
underground. In the Swiss Alps it has been found at altitudes 
of over 6000 feet, at lower levels in the Rhone, and also in the 
Lake of Geneva. Tins wide distribution may perhaps be accounted 
for, partly, by its faculty for asexual reproduction in summer, and 
also, by the production, later in the year, of hard-shelled eggs which 
are laid loosely, not attached to stones or plants. 1 But we have 
no really direct evidence of the means of dispersal of this or of 
any of the foregoing species, although they ail have a wide 
distribution in Europe. Of extra-European forms the accounts 
that exist are very fragmentary. The only indubitable diagnostic 
character of a Triclad is the structure of its genital ducts, and 
this is accurately known in only a few cases. Several species 
such as Dicotylus pulvinar (Fig. 16, B), at present known only 
from Lake Baikal, 2 and others ( Planaria virazelcii , P. albissima) 
from Bohemia, 3 will doubtless be found elsewhere when they are 
carefully looked for. Phagocata gracilis is a remarkable North 
American form, possessing several pharynges (Fig. 14, C and O'), 
recalling the. independent movement of the pharyngeal lobes of 
IKscocclis lichenoides (Fig. 9). 4 

Occurrence of the Maricola. — Little as we accurately know 
of the distribution of the fresh-water Planariae, our knowledge 
of the occurrence of the marine forms is still more limited. 
Gnnda ( Proeerodes )'ulvae (Fig. 14, D) is the commonest European 
form, occurring abundantly in the upper part of the littoral zone, 
on the shores of the Baltic. G. segmentata from Messina has 
been carefully described by Lang, 5 but these are almost the only 
species of Maricola which can be accurately determined. They 
differ from the Paludicola in the position of the “ uterus ” behind 
the genital pore and in the absence of a “ musculo -glandular 
organ ” (Fig. 1 4, F). A special interest attaches to the Bdellouridae, 
a family containing three species, all parasitic on Limulus from the 
east coast of America. These remarkable Triclads usually have a 
sucker at the hinder end of the body, by which they attach 
themselves firmly to the cephalo-tlioracic appendages and to the 

1 Voigt, Zool. Anz . xv. p. 238. 

2 Grubc, Archiv /. Naturgcschichte , 38 Jahrg. Bd. i. 1872, p. 273. 

3 Vejdovsky, Zcitschr. /. wiss. Zooloyic , Bd. lx. 1895, p. 200. 

4 Woodworth, Bulletin Mus. Comp . Zoology , Harvard , vol. xxi. No. 1, 1891. 

5 Mitth. Zool . 8 'tat. Ncapel , 1882, p. 187. 
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gill-plates, upon which the eggs may be found in considerable 
numbers. One species, Syncoelidium pellucidum, possesses a pair 
of problematical organs in the hinder part of the body, opening 
to the exterior ventro-laterally by a couple of chitinous mouth- 
pieces, but having no connexion with the genital ducts. 1 

Occurrence and Distribution of Land Planarians. — The 
terricolous Triclads or Land Planarians are the most interesting 
division of the group. Some forms, such as Bipodium kewense , 
attain large dimensions, being usually 6 to 9 inches in length, 
and specimens fully extended have measured 18 inches. Their 
bodies are frequently banded or striped with brilliant colours. 
Geoplana coerulea Mos. has a blue ventral surface and is olive 
green or dark Prussian blue above. G. aplendens Bendy, is 
marked dorsally by three stripes of emerald green alternating 
with four dark brown longitudinal bands. The mode of colora- 
tion, though somewhat variable, is an important specific char- 
acter. Its significance, however, is not clearly understood. The 
colours may be a warning signal, as some Geoplana at least are 
disagreeable to the taste of man and some birds 2 3 ; but since 
Land Planarians are largely nocturnal animals, living by day 
under logs, banana leaves, and in other moist and dark situa- 
tions, this explanation is clearly insufficient. Two Geoplana 
have been noticed by Mr. Bendy which seem to be protectively 
coloured. G. triangulata var. australis occurs abundantly in the 
beech forest in the South Island of New Zealand, and its brown 
back and yellow or orange ventral surface match the leaves around 
its haunts. G. gelatinosa again looks like a mere slimy patch on 
the rotten bark where it is found. In arid districts, during the 
dry season, Land Planarians burrow in the soil and form a cyst, 
in which they lie coiled up, after the manner of earthworms. * 
The glutinous investment of their delicate bodies forms a moist 
medium in which the cilia covering the body (and especially the 
ventral surface) may constantly and evenly vibrate, and by 
which they adhere firmly to their prey. In some tropical Plan- 
arians, in addition to possessing offensive properties, the mucus 
is so copious in amount and hardens with such rapidity, that 

1 Wheeler, Journal of Morphology, vol. ix. 1894, p. 167. 

2 Dendy, Tram, Hoy, Hoc. Victoria 1890, p. 66 ; Id. Austral, Assoc. Brisbane , 
1895, “ Preaid.Xdd. to Sect. D,” p. 15. 

3 Darwin, Ann . and Mag. Nad. Hist. vol. xiv. 1844, p. 241. 
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these Triclads may creep over bridges of it, and may even be 
blown from one stem or branch of a plant to another, hanging at 
the ends of their threads. 1 

In Europe there are only two or three indigenous Land Plan- 

arians, of which Rhynchodemus 
terrestris O. F. M. (Fig. 15, B) is 
f(mu\U a t ^ ie most W1( iely distributed, and 

W\W| H /y has been found in moist situa- 

|]J//I || f/ lions for the most part wherever 

II II I II (\ it has been carefully looked for. 

luj \jjjJJ It measures about inch in 

JES length, and is dark grey above, 
J//// v whitish below, and bears a pair of 

H (j—mT B eyes near the anterior extremity 

l| [[ (Fig. 15, B). Bipal ium kewense 

\\\\\ (Fig. 15, A), which has been found 

$ 111 the forests of Upolu, Samoa, by 
f Hi ■^■ r ' J« Lister, has been accident- 
( (( \ JJl) a i^ imported, from the (unknown) 

mr /U l districts where it is indigenous, 
Iff with plants and soil to various 
)m) c Jj^P parts of the world — England, 

(\{ J Germany, the Cape, and also to 

Sydney, where it appears to have 
Fig. 15.--Some Land PJanarians found in ...... ., ir T 

Europe. A, Hipalium kewense Mos. established ltsell. ill these 

x £ (after Bergerulal) ; B, Rliynchn - Bipalia living in hothoilSCS, the 
demus terrestris O. F. M., x 2 ; C, . _ . & 

tjeodesmns bil meatus Metsch., x 2£ genitalia never appear to attain 

(alter Metschnikoft). mr. Region of maturity, and apparently multiple 
mouth ; gp t region of genital pore. * 7 rxr J f 

fission and subsequent reparation 
of the missing parts is the only mode of reproduction. Geodesmus 
bilineatus (Fig. 15, C), which has occurred at Giessen, Wurzburg, 
and Dresden, has, in all probability, been introduced with ferns 
from the West or East Indies. Microplana humicola, described 
by Vejdovsky from dunghills in Bohemia, is doubtfully indigenous. 

In marked contrast with the poverty of the temperate zones 
in Land Planarians, is the abundance and great variety of this 
group in Southern Asia, South America, and especially in 
Australasia, where the rich Land Planarian fauna has been care- 
fully investigated by Spencer, Dendy, Fletcher, and others, in 

1 Shipley, Proc. Camb. Phil . Soc. vol. vii. pt. 4, 1891 (with literature). 
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certain parts of Victoria, New South Wales, and New Zealand. 1 
About forty species of Planarians have been discovered on the 
Australian continent, thirty-five of which belong to the pre- 
dominant genus Geoplana , distinguished by the presence of 
numerous eyes along the border of the simple anterior extremity. 
Of the remaining five, four belong to the genus Bhynchodemus , 
with, lastly, the introduced Bipalium kewense. The distribution 
of any one species, however, is so limited that only three forms 
are common to the two former colonies ; and although some of 
the twenty known New Zealand Planarians (chiefly species of 
Geoplana), are identical with Australian species, yet Only one, or 
possibly two, varieties of these species are Australian also. In 
addition to their prevalence in Australasia, the Gcoplanidae also 
occur in South America, South Africa, Japan, and the East Indies. 
The Bipcdiidac are characteristic of the Oriental region, being 
found in China, Borneo, Bengal, and Ceylon. The B,hynchode- 
midae are a cosmopolitan family, occurring in Europe, North and 
South America, the Capo of Good Hope, Ceylon, the East Indies, 
Australia (particularly Lord Howe Island), and Samoa. 2 

Habits and Structure of Triclads. — The common Planaria 
( Dendrocoehcm ) lactea, which usually progresses by ciliary action, 
aided, it is said, by muscular contractions of the ventral surface, 
performs, if alarmed, a series of rapid “ looping ” movements, by 
affixing a sucker (Fig. 14, A, sc), placed on the under side of the 
head, to the substratum, and pulling the posterior end close to 
this. The sucker, discovered by Ley dig, is even better developed 
in P. punctata (Fig. 16, A), P. mrazekii, and P. cavatica, and is 
an efficient adhering-organ which has probably been developed 
from a similar but simpler structure found in a considerable 
number of both fresh-water and marine Triclads (P. alpina, Fig. 
16, E). Probably the sucker of the Land Planarian Cotyloplana 
(D) is the same structure, but the two suckers of Dicotylus (B) 
are at present unique. Planaria dioica, found by Claparede on 
the coast of Normandy, 3 is covered with minute adhesive papillae, 

1 Trans. Roy. Soc. Victoria from 1889 onwards. Trans. New Zealand Institute, 
1894-95. 

2 Moseley, Phil. Trans. 1874, p. 105 ; Id. Quart. Jonrn. Micr . Set. vol. xlvii. 
1877, p. 273 ; Loman, Bijdrag tot d. Dierkundc, Aflev. 14, 1887, p. 71 ; Id. Zool. 
Ergeb. ein. Reise in Nieder-Ost-Indicn, Hit. 1, p. 131 ; Beddard, Zoogeography , 
1895, p. 53. 

3 Beobachtungcn it. Anat. u. Entwickcl. an der Kiiste von Normandie , 1863, p. 18. 
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similar to those of certain Rhabdocoelida (e.g. Monotus , Fig. 19, 
D), enabling it to cling tightly to the Zostera, and so to resist 
the loosening action of the waves. 

The movements of Land Planarians are somewhat peculiar. 
The ventral surface of Bipalium has a median groove, into 
which the ducts of numerous mucus -glands open. This is 
bordered by two ridges clothed with long and powerful cilia, 
which perform the chief part in propelling the animal, aided, 
according to Lehnert, 1 by muscular waves which pass from the 



Fia. 16. — Suckers of Tri- 
clads. A, PI anuria 

punctata Pall. ; a , dorsal 
surface of head ; b, ven- 
tral surface (freely mov- 
ing) showing the sucker ; 
c, sucker contracted 
(after Hallcz) : B, ven- 
tral surface of head of 
Dicotylm jmlrinar Gr. f 
from Lake Baikal (after 
Grube): C, dorsal sur- 
face of Procot y lea Jluvi - 
at ill's Gir. (after Girard) : 
D, sucker of Co/i/foplana. 
whitdeyijei Sp. (after 
Spencer) : E, ventral 
view of head of Plan- 
aria alpina Dana (pre- 
served specimen) ; ////, 
adhering groove ; m, 
thickened musculature 
forming the margin of 
the sucker ; sc, sucker ; 
t, tentacles. 


head, backwards, i.e. opposite in direction to those by which a 
snail slides along. This observation, however, needs confirma- 
tion. The whole body executes sinuous movements, during which 
the crescentic head, lifted slightly above the ground (Fig. 15, A), 
is constantly altering and regaining its normal shape, somewhat 
as a Planar ia lactm uses the lobes of its head. Further ex- 
amination shows that the margin of the head of Bipalium is not 
only provided with eyes, but in addition, with ciliated, (probably) 
olfactory pits. Such depressions, innervated directly from the' 
cerebral ganglia, have been found in sixteen species of Geojdana, 
1 Arckivf, Naturgeschichtc , 57 Jalirg. Bd. i. Hft. 3, 1391, p. 308. 
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and in one or two species of Rhynchodemus } Some Land 
Planarians (a species of Rhynchodemus from Ceylon, and a 
Dolichoplana from the Philippines) wriggle out of a box or the 
hand with great speed (Moseley). 

The skin of Triclads is full of minute rods or rliabdites, 
which are shot out in great numbers when the animal is irritated, 
and doubtless serve an offensive purpose. The Terricola possess 
two kinds of these: (1) needle-like rods; and (2) in Bipalium 
keivense, flagellated structures, bent into a V-form and with a 
slender thread attached to one end (Shipley). In Geoplanct 
co ended these bent rods furnish the blue colour of the ventral 
surface. The rhabdites arise in all Triclads in cells below the 
basement-membrane, which they are said to traverse in order to 
reach the epidermis, thus differing in origin, and also in struc- 
ture, from the rods of Polyclads. 

Food. — Triclads are largely if not wholly carnivorous animals, 
feeding upon Annelids, Crustacea, Insects, Insect-larvae, and Mol- 
luscs. The mouth is usually mid- ventral or behind the middle 
of the body, but in the anomalous Leimacopsis terricola Schm. 
from the Andes 2 and in Dolichoplana it is near the anterior end. 
The pharynx (Figs. 17, 18, phi) is cylindrical or bell-shajjed, 
exceedingly dilatable and abundantly supplied with glands and 
nervous tissue. It opens into the three main intestinal branches, 
one of which runs in the median plane forwards, the others back- 
wards right and left, enclosing a space in which the genital ducts 
lie (Figs. 14, A, 17). The fresh- water Planarians prey upon 
Oligocliaeta, Hydrophilidae (aquatic beetles), and the commoner 
pond-snails. Bipalium kewcme pursues earthworms, seizes the 
upper surface of the anterior end by the glutinous secretion of its 
ventral surface, and then proceeds to envelop part or the whole 
of the worm within its pharynx, which is stretched as a thin skin 
over the body of its struggling prey (Lehnert). The tissues of 
the latter pass into the intestine of the Planarian, and distend it 
greatly. After such a meal, which lasts from one to five hours, 
a Bipalium may remain for three months without seeking food. 
Geohia suhterranea , a white eyeless form from Brazil, pursues 
earthworms ( Lumbricus coretlirurus) in their burrows, and has 
been seen by Fritz Miiller sucking the blood out of a young 

1 Dendy, Vroc. Hoy, Soc. Victoria, vol. iv. n.s. i. 1892. 

2 Sehmarda, Xcue wirbcllose Thierc, Leipzig, 1859, I. i. p. 30. 
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worm. 1 Geoplana typhlops, a Tasmanian species, is also blind, 
and pursues worms, as does G. triangulata (Dendy). In Trinidad, 
von Kennel 2 observed that land-snails (Subulinae) were the food 
of certain Land Planarians, the name of which, however, he does 
not state. The pharynx was employed to suck out the soft parts 
of the snail even from the upper whorls of the shell. 

Reproduction. — In Planaria lactea the numerous testes (Pig. 
17, te) are placed both above and below the alimentary canal 
throughout the greater part of its course. The membrane 
of each gonad is continued into a minute vas eflerens, which 
unites with those of neighbouring testes. Two vasa deferentia 
(v,d) arise thus on each side, one from the posterior, the other 
from the anterior testes of the body, and open into the vesicidae 
8eminales (r.s), which may be seen in the living animal as tortu- 
ous whitish tubes at the sides of the pharynx (Fig. 14, A). These 
open into the penis (Figs. 14, A; 17, pe), a large pyriform organ, 
the apex of which, when retracted, points forwards, projecting 
into the penial cavity. When this apical portion is evaginated 
and turned inside out, it is of considerable length, and is able to 
pass into the long slender duct of the uterus (ut) of another 
individual. . The penial sheath (ps) is part of the genital atrium 
(gs), which is developed as a pit from the skin, and invests the 
end of the genital ducts, the mouth of the pit forming the common 
genital pore (go), through which both male and female genital 
products are emitted. 

There are two ovaries (ov) placed far forwards, between the 
third and fourth pairs of intestinal coeca. The oviducts (ovd) lit* 
just over the lateral nerves, and have a slightly tortuous course, 
at each outward bend receiving the duct (go) of a yolk-gland 
(gg), so that ova and yolk are already associated when the oviducts 
open by a short unpaired tube into the genital atrium. The 
yolk-glands develop rapidly, 3 and when fully formed are massive 
glands occupying the spaces between the intestinal branches and 
the testes which are then aborting. The so-called uterus (ut), 
apparently at first a diverticulum of the genital atrium, expands 

1 'Abhandl. d. Naturf. Gcscll . zn Halle , Bd. iv. 1857, p. 33. 

- Arb. Zool.-Zoot. Inst it, Wurzburg , Bd. v. 1882, p. 120. 

3 Woodworth ( loc . eit, p. 38) states that in Phagocata the yolk-glands arise 
by proliferation from two parovaria, placed just in front of the ordinary ovaries. 
Iijinia, however {Zcitschr. f. wiss. Zool. Bd. xl. 1883, p. 454), regarded them as 
derivatives of the parenchyma. 




Fig. 17. — Diagrammatic view of the 
structure of Plana ria {Ih ndro- 
cttefum) lactea. x 7. The body 
lias been cut across and a por- 
tion removed. In the posterior 
half the alimentary tract of the 
left side is removed aud the 
uterus, penis, and muscular organ 
sliced open horizontally. The 
nervous system is represented by 
black, and the yolk -glands by 
dotted lines, br, Brain ; #•//, eye 
with lens and optic nerve ; </», 
external genital aperture for both 
male aud female products ; //js, 
genital atrium ; Ay, paired lateral 
intestinal branch ; //{.longitudinal 
nerve ; my, unpaired anterior 
intestine, the branches of which 
are cut off close to the main 
stem; myr, eversible “musculo* 
glandular organ ” ; nc, nerve-cells 
in the pharynx ; /m, lateral 

nerve -twigs ; «.v, nerve -sheath ; 
or, ovary ; mv/, oviduct ; pe % 
the eversible penis, the corru- 
gated inner white portion of 
which is the apex ; pli , pharynx ; 
jdiSy pharyngeal sheath ; pr, 
“ prostate ” or granule-gland (re- 
presented by dotted lines opening 
into the penis) ; ps, penial sheath ; 
tr, testes ; /o, tactile lobe of the 
head ; nt, “ uterus " opening into 
the genital atrium just above 
myr ; vd, vasa deferentia ; rs, 
vesicula seminnlis ; yy, yolk- 
glands ; yo, openings of the yolk- 
ducts into the oviducts. 
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behind the pharynx into a receptacle lined by long glandular 
columnar cells, which, however, are not all of the same kind. 
The uterine duct opens into the atrium just above the aper- 
ture of a problematical, eversible, “musculo-glandular organ” 
(mgr). 

Fertilisation appears to occur in the uterus, where ova, yolk, 
and spermatozoa, or (in P. torva) spermatophores (Fig. 14, N, sp), 
are found. The formation of the cocoon in Planaria lactea is 
probably begun in the “ uterus,” but is undoubtedly completed 
in the genital atrium. In P. polychroa , however, the stalked 
cocoon is formed wholly in the " uterus.” Thus we find two 
types of cocoons in different species of the genus Planaria 
associated with two types of reproductive organs (Hallez) : — 

I. Planariae in which the two oviducts open separately into 
the posterior part of the duct of the uterus. A musculo-glandular 
organ is absent. The cocoons are spherical and stalked. Ex- 
amples — Planaria polychroa (Fig. 14, L), P. albissima , P. 
gonocepliala. 

I T. Planariae in which the two oviducts open by means of an 
unpaired duct into the genital atrium. A musculo-glandular 
organ present ( Planaria torva (Fig. 14, N), P. mrazekii, P. Icvctea , 
P. cavatica), or absent (P. alpina, Fig. 14, M). The cocoons 
are sessile. 

The genitalia of the Maricola (Fig. 14, F) and Terricola do 
not differ very much from those of Planaria. The uterus (greatly 
reduced in the Land Planarians) lies behind the genital pore, 
and several ova, together witli much milky yolk, are enclosed in 
a capsule which is formed in the genital atrium. 

Asexual Reproduction . 1 — It has long been known that fresh- 
water Planarians have not only great powers of repairing injuries, 
but that they use this faculty in order to multiply by transverse 
fission. Planaria alpina and Polycelis cornuta, in summer, 
separate off the posterior part of the body, and this ultimately 
becomes an entire individual. P. albissima , and especially P. 
subtentactdata, anticipate matters so far, that before fission is 
complete, the new individual has a head nearly fully formed. 
The new organs are largely regenerated in both parent and young, 

1 The extensive literature on this subject is fairly completely summarised by 
Yoigt in JHol. Centralblatt , vol. xiv. Nos. 20, 21, 1894. Faraday's observations 
(cf. p. 6, note 6) have been generally overlooked. 

• 
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apparently by the division and specialisation of scattered em- 
bryonic cells in the parenchyma. The asexual reproduction of 
Land Planarians is not fully proved, though it is known that 
they repair injuries to the body completely, and that Bipalium 
kewense is often found in hothouses, divided into fragments which 
regenerate all the organs of the parent, but like the latter, do not 
mature their sexual organs. 

Excretion. — The excretory organs of Triclads consist of flame- 
cells, canaliculi, and a pair of longitudinal canals, the external 



Fia. 18. — Semi-diagrammatic view of the excretory system of Planaria lactea. (Partly 
after Chickoff.) can, Capillary network on l>oth dorsal and ventral surfaces ; y.hr, 
branches of the intestine ; Ig, lateral branches of the digestive system ; In, longi- 
tudinal nerve ; yh, pharynx, with intermuscular capillary excretory network arising 
from the point marked phi; tp, principal vessels of the excretory system, the 
external opening of which is not certainly known ; vs, vesicula semiualis. 


openings of which, have not been satisfactorily ascertained. The 
flame-cells are difficult to detect in Planaria lactea , and the latest 
observer, Chickoff, 1 was unable to see them, although to him we 
are indebted for figures of this system in P. lactea (Fig. 18) 
and P. alpina (P. montana). In the latter, the flame-cells are 
distinct, and may open directly into the two main canals or 
indirectly through unbranclied canaliculi. The pharynx possesses 
a special supply of excretory tubules communicating with the 
main canals. A similar system has been described and figured 
in Gunda segmentata by Lang. 2 

1 Archives d. Biologic, tom. xii. 1892, p. 437. 

2 Mitth. Zool. Stat. Neapel, Bd. iff. 1882, p. 187. 
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Classification of Tricladida. 


Family. 

Planariidae . 


Procerodidae . 
( = Gundidae). 


Bdellouridae . 


PALUDICOLA. 

Genus and British Species. 

Planaria lactea 0. F. M., P, punctata Pall., P. polychroa 
Schm., P. torva M. Sell., P. alpina Dana. 

Polycelis nigra Ehr., P. comnta Schm. 

Anocelis. 

Oligoeclis. \ Doubtful 
Procotyla. /genera. 

Sorocelis. 

Dicotylm . 


MARICOLA. 

Procerodes (= Gunda) ulvae Oersted, P. littoralis van 
Beneden. 

Cercyra. 

Uteripornx. 

Bdelloura. 

Syncoelidium. 


TERRICOLA. 


Bipaliidae Bipalium Jccwcnse Moseley (introduced). 

Geoplanipae . . Gcoplana . 

Gcodcsmus . 

Rhynchodemidak . JUhynchodcmns lerreslris 0. F. M. 


i to imdeter- 
families 


■ f 


Dolichoplana. 
Polycladus. 
Microplana . 
Leimacopsis . 


Turbellaria. III. Rhabdocoelida. 


The Ehabdocoelida include a very heterogeneous assemblage of 
usually minute Turbellaria, distinguished collectively from the 
Polyclads and Triclads by the form of the digestive tract. This 
is a simple or slightly lobed sac, except in the Bothrioplanidae, 
which in this and many other points closely resemble the 
Triclads. It is to the straight, rod-like nature of the alimentary 
canal that the name of the group refers. The size and form of 
the body, and the structure of the pharynx and genitalia, vary 
within wide limits. 

The Ehabdocoelida are subdivided into three tribes : — 

(1) Acoela , in which a sub-central mouth and pharynx are 
present, but lead into the parenchyma of the body, not into an # 
intestine with proper walls. An excretory system has not 
hitherto been seen. Yolk-glands are absent. An otolith under- 
lies the brain. The Acoela are marine. 
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(2) Rhdbdocoela, which possess a complete alimentary tract 
separated from the body-wall (except for a few suspensory 
strands) by a space or body-cavity, filled with fluid. This space 
is sometimes ( Vortex viridis) lined by an endothelium of flattened 
parenchymatous cells. There are two compact testes, which are 
enclosed (as are the ovaries and yolk -glands) in a distinct 
membrane. An otolith is present in some genera and species. 
Terrestrial, fresh-water, marine. 

(3) Alloeocoela, in which the body-cavity is greatly reduced. 
Except in the Bothrioplanidae, the gonads have no distinct mem- 
brane. Testes numerous ; yolk-glands present. Marine with a 
few exceptions. 

Occurrence and Habits of the Rhabdocoelida. — The 

Acoela are usually minute, active Turbellaria abounding amongst 
weeds throughout the lower half of the Littoral, and the whole 
of the Laminarian zone, but are most plentiful in the pools 
exposed during spring-tides on our coasts, especially on the shores 
of Devonshire. The species of tjfaplodiscus, however, and Convoluta 
henseni are modified pelagic forms found in the Atlantic Ocean. 1 
Convoluta paradoxa (Fig. 19, B) is the commonest British species. 
It is from 1 to 9 mm. in length, and of a brown colour, marked 
above by one or more transverse white bars. The brown colour 
is due to a symbiotic alga, the nature of which has not been 
thoroughly investigated. In an allied species, however ( C 
roscoffensis), from the coast of Brittany, the alga, which is here 
green, has been carefully examined by Professor Haberlandt, 2 and 
it appears from his researches that the algae form a special assimi- 
lating tissue, enabling the Convoluta to live after the fashion of 
a green plant. At RoscofF, these elongated green Convoluta live 
gregariously in the sandy tide-pools, fully exposed to the sun's 
rays, and have the appearance of a mass of weed floating at 
the surface of the water. Access to the atmosphere and to sun- 
light are necessary in order to enable the assimilating tissue to 
form the carbohydrates, upon which this form lives exclusively. 
Not only has the alga itself undergone such profound changes 
(loss of membrane, inability to live independently after the death 
of the host) as to disguise its true nature (a tissue-cell derived 
from algal ancestors), but the Convoluta has also undergone con- 

1 Bohmig, Ergebnisse d. Plankton Expedition , Bd. ii. H. g. 1895. 

3 von Graff, Die Acoela , Leipzig, 1892. Appendix. 
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cornitant changes, in form, in the loss of a carnivorous habit, 
and in the development of marked heliotropic movements, thus 
adapting itself to an holophytic or plant-like mode of nutrition. 
Nevertheless the Acoela, as a group, are carnivorous, feeding 
upon Diatoms, Copepoda, and small Rhabdocoela, the absence of 
a digestive tract indeed being probably more apparent than 
real. 1 

The Rhabdocoela live under varied conditions. One form. Pro- 
rhynchus sphyrocephalus , has been found among plants far from 
water in the neighbourhood of Leyden, by De Man. 2 With this 
exception the group is purely aquatic, and though a few genera 
and even individuals of the same species occur both in salt and 
fresh water, whole sub-families and genera are either marine or 
paludicolous. Among the latter, Mesostoma , Castrada , Vortex, and 
Dcrostoma are common in brooks and ponds, especially at certain 
times, often only for one month (May or June) in the year. 
Species of Macrostoma, Stenostorna , and Microstoma are also 
abundant in similar places. The two latter occur in chains 
formed by fission ; but the sexual individuals (which are of 
distinct sexes, contrary to the usual hermaphrodite condition of 
Flat Worms) only appear at stated times and are not well 
known. A large number of genera are purely marine, and one 
family, the 1’roboscidae (distinguished by having the anterior 
end invaginated by special muscles and converted into a sensory 
organ), is entirely so. The most cursory examination of littoral 
weeds reveals species of Macrorhynchus , Acrorhymhus , Promeso- 
stoma, Byrsophlchs, and Proxenetes, the character of which may 
be gathered from von Graffs great monograph, or from Gamble’s 
paper on the “ British Marine Turbellaria.” 3 Much, however, 
still remains to be done before we possess an adequate idea of 
the occurrence of this group on our coasts. 

Some Rhabdocoels are parasitic, Fecampia erythrocephala, 


1 The development of the Acoela has been worked out recently by Mdlle. Peroyas- 
lawzewa ( Zapiski Novoross. Obshch. Odessa , 17 Bd. 1892) and Gardiner {Journal 
of Morphology, xi. No, 1, 1895, p. 155) with conflicting results. The former finds 
four endoderm cells, which give rise to a larval intestine. The Acoela are for her, 
Pseudacoda. Gardiner, on the other hand, finds no trace of an endoderm at any ^ 
stage of the development of Polychoerus caudatus. 

2 Tijdschr. Nederland. Dicrk . Vcr. Deel ii. 1875. 

3 Von Grafr, Monographic d. Tnrbellarien : /. Hhabdocoelidcn , 1882. Gamble, 
Quart. Journ. Microscop . Science , vol. xxxiv. 1893, p. 433. 
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which occurs in the lacunar spaces and alimentary canal of young 
shore crabs ( Carcinus maenas ), is a white cylindrical animal 
inch long, with a red snout. After attaining maturity it 
works its way out of the crab and encysts under stones, 
forming a pyriform mass in shape like a “ Prince liupert’s drop.” 
Within this case the eggs develop, and the young probably 
emerge through the open nar- 
row end of the hard white Ah 

tube, but how they reach the K 

crab is not known. Grajjilht //'[ A [ 1 / j 

muricicola is found in the / AVAV I 

kidney of Mar ex brandaris and / / \\ m.- 

M. trunculus, at Naples and / & Mt Jr \ I 

Trieste; G. tctliy dicola in the f ^ I 1 

loot of Tctliy s. Anoplodium | \ \ I f 

parasiticum occurs among the % yiMy \ ] \\f 

muscles which attach tlie Ik j \ ^ \I/ 

cloaca of Holotliuria tubvlom l SgLA Jp|| * L j i 

to the body -wall; and A. | jHfr) °|||% 

schneideri occurs in the sea- || •jp£. f: y* J V n J 

cucumber, Sticlwpus variegatus. \ J | 

These are truly parasitic forms, V \ / / j 

constituting a special sub- \ H* / J j 

family. They have no rhab- \ % Y \ - I 

dites in the skin; the nervous \\ / I 

system and sense-organs are ^ \y ' 

only slightly developed; and Kl0 . 19 ._; FormsofRhah(IocoeHlll / A , 


the pharynx has undergone a stoma tetra^onum o. F. m. (nimbdoco«i«i), 
notable reduction in relation * 

X 10; C, lorticeros an tick latum. (). F. M., 

to the simpler mode of obtain- xfl; D, iimwtusfuscus Oe. (AUocovooiu), 

imr nmiriuhTiiPnt Other nnson x 4 - a P> Adhesive jiapillao ; rf, intestine ; 

1U o noun SI1 Ilieil t. Uinei cases mj pharynx ; vt, otolith ; rh, rhiilxlites ; 

of association between certain te, testes ; */, uterus with eggs ; ?///, yolk- 
-J-, l i i i i 11*1^. glands; 6 , male, female genital pores. 

Rhabdocoels (closely allied to, alte ’ r B ^ alul ) ° 1 

if not identical with, certain 

free-living species) and Lamellibranchs or Sea-urchins, are, how- 
ever, of another kind. Thus on the gills or in the mantle 
cavity of species of Mytilus , Cyprina, Tellina, and upon the 
test of Clypeaster , such forms as Enterostoma mytili , Acmostoma 
cyprinae, and Provortex tellinae have been found. But it is 
probable that these Turbellaria here obtain merely a temporary 
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shelter and possibly a supply of the food of the mussel or sea- 
urchin. 

The Alloeocoela afford a well-established case of association. 
Monotus fuscus (Fig. 19, D), an abundant, active, elongated animal, 
lives on our coasts in the upper part of the littoral zone among 
Patella , Balanus, and sometimes Chiton . When the tide is low, 

the Monotus , to obtain moisture and darkness, creeps between the 
mantle - folds of these animals, where it may readily be found. 
Upon the return of the tide it leaves its retreat and creeps or 
swims about freely. Other Alloeocoela collect in great numbers 
in tufts of red-seaweeds (Florideae). By placing such tufts in 
vessels, the sea-water, especially as darkness sets in, begins to 
swarm with Cylindrostoma A-oculatum, species of Enterostoma 
and Plagiostoma ; P. vittatum, with three violet bands across the 
white body, being a particularly obvious form. Vorticeros auri - 
culatum (Fig. 19, C), another abundant species, is remarkable for 
1 the long tentacles which can be completely withdrawn, and in 
this condition it completely resembles a Plagiostoma . 

The presence of a species (P. lemani ) of the characteristically 
marine genus Plagiostoma , in the Lake of Geneva, and in one or two 
other Swiss lakes, at depths varying from 1 to 150 fathoms, is very 
interesting, and is perhaps the only well-established case of the 
survival of a once marine Rhabdocoelid under changed conditions. 
Plagiostoma lemani is by far the biggest of the group to which it 
belongs, being over half an inch in length. It is usually found in 
fine mud, sometimes among Chara hispida , and has the general 
appearance of an inactive white slug. We are indebted to Forel 
and Duplessis for the discovery of this species, and also of 
Otomesostoma morgiense, a Mespstoma with an otolith, dredged in 
10 to 50 fathoms in the Lake of Geneva, the Lake of Zurich, and 
found recently also by Zacharias in the Riesengebirge. The genus 
Bothrioplana, first found by Braun in the water-pipes of Dorpat, 
has been carefully investigated by Yejdovsky, 1 who places it in 
a special family, Bothrioplanidae, among the Alloeocoela. One 
species has recently been found near Manchester. 

A comprehensive survey of the Rhabdocoelida shows that, 
with the chief exception of the Proboscidae, the more lowly 
organised forms, the Acoela and Alloeocoela, are marine, whereas 
the fresli-water forms are in most cases the most highly organised 
1 Zeitschr. f. wiss . Zoologit ?, Bd. lx. 1895, p. 163. 
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genera (Mesostoma, * Vortex ). But Macrorhynch'iis helgolandicus , 
though minute (l'5-2 mm. long), has a more complex structure 1 
than any other species of the specialised marine genus to which 
it belongs, and is a remarkable instance of great complexity 
being associated with small size. 

Reproduction. — The Rhabdocoelida present the greatest 
diversity in the development of the reproductive system. The 
Acoela and Alloeocoela have the simplest arrangement. Scattered 
testes, often without a distinct membrane, form the spermatozoa, 
which in most cases wander into parenchymatous spaces, but 
in Monoporus rubropunctatus and Bothrioplana , into distinct vasa 
deferentia. In both groups a protrusible penis opens inde- 
pendently to the exterior, and may be simply muscular or provided 
with a chitinous armature. Two ovaries are present, and the 
oviducts, if distinct, are continuations of the ovarian membrane. 
In most forms a “ bursa seminalis,” which receives the sperma- 
tozoa of another individual, is appended to the female genital 
canal. In many of the Alloeocoela, however, a portion of the 
ovary is sterile, and its cells, forming a yolk-gland, feed the 
fertile portion, the whole structure being then spoken of as a 
germ-yolk-gland. In many others (Monotidae) this sterile part 
has become an independent yolk-gland, which communicates by 
yolk-ducts with the oviducts. The Acoela form no egg-case, the 
body of the parent becoming a bag for the ova, which elaborate 
their own food -yolk. The Alloeocoela lay hard -shelled eggs, 
which are produced in Bothrioplana and Automolos by the activity 
and interaction of reproductive organs, resembling closely those 
of certain Triclads. 2 3 

The Bhabdocoela exhibit every stage in the development of a 
complex reproductive system, from the simple ovaries and testes 
of a Microstoma or Macrostoma , to the intricate system of ducts 
and glands of a Macrorhynclius (Proboscidae), in which there is 
still much to be made out. The complications of the copulatory 
organs chiefly arise from the way in which the spermatozoa are 
brought into contact with a nutritive prostatic fluid, or are 
formed into spermatophores ; and also from the penial armature, 

1 See von Graff’s Monographic, pi. ix. ; and Jensen, Turbellaria ad LUora 

Norvcgiae , Bergen, 1878, pi. iv. 

3 For the reproductive organs of Bhabdocoelida consult von Graff, Mono- 
graphic , “Die Acoela" ; andBohmig, Zcitschr. /. ivies. Zool, Bd. li. 1891, p. 167. 
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which is often very complex, antfmay consist of a curved chitinoid 
hook or a coiled loop ( Promesostoma ), of hooks (Proboscidae), or of 
an intricate arrangement of plates (Proxenetes) ; or the penis may 
take on a complex corkscrew-like form (. Pseudorhynchus ). The 
(frequently armed) female genital canal usually possesses a bursa 
seminalis for the fertilisation of the eggs, but a receptaculurn 
seminis or spermatheca may serve for the reception, the bursa, 
for the lodgment of the spermatozoa of another individual. The 
fertilised ovum is provided with a supply of food-yolk and with 
a shell, which may be formed in a special diverticulum, the 
“ uterus.” The development of these organs strains the resources 
of the animal to the utmost, and in some Proboscidae the 
alimentary canal is squeezed out and disintegrates, in order to 
make room for them. 

A few Mesostoma (M. elireribergii, M. productum , M. lingua ) 
produce two kinds of eggs — thin- and thick-shelled. The latter 
are laid throughout the summer, and lie dormant through 
winter. The young which hatch in spring out of these 
“ winter ” eggs develop rapidly, and when only 7 to 8 mm. long 
( i.e . one-third the size of the parent) already possess functional 
genital organs;. the penis, however, is rudimentary, and incapable 
of being used for copulation. Hence it is probable that this 
stunted progeny self-fertilise their thin-shelled or “ summer ” eggs. 
After the formation of these eggs the same parent is said 
(Schneider *) to produce thick-shelled or winter eggs, but how- 
ever that may be, thd first young which hatch from the thin- 
shelled ova are produced in great numbers at a time (April to 
May) when food is abundant. These grow rapidly to the full 
size, and then having attained maturity, cross -fertilise one 
another's ova, which become encased in a thick brown shell ; and 
it is these numerous “ winter ” eggs that lie dormant through- 
out the autumn and winter. Many Mesostoma , and practically 
all other Khabdocoela, however, produce only thick-slielled eggs, 
and in all cases it is probable that to these many species owe 
their wide distribution, the exact range of which is, however, 
unknown, as is also the means of dispersal. 

1 Untersuchungen U. riatyhelminthen , Giessen, 1873, p. 101. 
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Classification of Bhabdocoelida. 


ACOELA. 

Family. Genius anti British species. 

Pkoporidak . Proporua venenoaus O. Sch. Plymouth. 

J fonoporua rubropunctatua O. Sch. Plymouth. 
Ilaplodiscus. 

APHANOSTOMATIDAE . Aphanostoma diversicolor Oe. Common. 

A. clcgans Jen. Plymouth. 

Convoluta saliens GriF. Plymouth, Millport. 

U. paradoxa Oe. (Fig. 19, B). Common. C. flaw- 
bacillmn Jen. Plymouth, Port Erin, Millport. 
Amphieocrus . 

Polychoerus. 


Macrostomatidae 


Microstomatidae 


Pkorhynchidae . 


Mesostomatidak . 


Proboscidae 


RHABDOCOELA. 

Mccynostoma. 

Macrostoma hystrix Oe. Stagnant water. 

Omalostoma. 

Microstoma linear c Oe. Fresh water. 

M. groclandicnm Lev. Plymouth, among Ulva. 

Stenostoma ( Catcnula ) lemnae Dug. Near Cork. 

S. Icucops O. Sell. Common in fresh water. 

Alanrina clapavcdii Grfl'. Skye. 

Prorhynchus staynalis M. Sell. In Devonshire rivers. 

Promesostoma mar mo rat um M. Sch. Common. 

P. ovoidenm O. Sch., P. agile Lev. Plymouth. P. 
solca O. Sch. Plymouth, Port Erin. P. lenticu- 
latum O. Sch. Port Erin. 

Byraophleba grajjii Jon. Plymouth, Millport. 

B. intermedia GriF. Millport, Port Erin. 

Proxcnctcs fldbellifer Jen. Millport, Plymouth, Port 
Erin. 

P. cochlear Grff. Millport. 

Otomcsostonui. 

Mesostoma productum Leuck., M. lingua O. Sch., M. 
chrcnbergii O. Sell., M. tetragonum O. F. M. (Fig. 
19, A). All at Cambridge. 

M. rostratum Ehr. Widely distributed. M, viridatum 
M. Sch. Manchester. M . robertsonii GrH*., M. 

flavidwm GriF. Both at Millport. 

Bothromcsostoma personatum O. Sch. Prestou. 

Castrada. 

Pscudorhynchus hifidus MTnt. Millport, St. Andrews, 
Port Erin. 

Acrorhynchus caledonicua Clap. Generally distributed. 

Macrorhynchua naegelii Kbll., Jf. croccua Fabr. Ply- 
mouth, Millport. 

M. kelgolandicua Metsch. West coast. 

Oyrator hermaphroditus Ehrbg. St. Andrews. Also 
common in fresh water. 

Ifyporhynchus armatua Jen. Plymouth, Port Erin. 

H. penicillatus O. Sch. Plymouth. 


VOL. II 


E 
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Yorticidak . 


SOLENOPIIAKYNGIDAE 


Plagiostomatidae 


Bothrioplanidae 

Monotidak . 


Schultzia . 

Provortex balticus M. Sell. Generally distributed. 

P. ajffinis Jen., P. rubrobaeillus Gamb. Plymouth. 
Vortex truncatua Ehrbg. Abundant in fresh water. 

V, armiger O. Sch. Millport (fresh water). V. 
schmidtii Grff., V. millportianus Grif. Millport. 
V. viridi 8 M. Sch. Generally distributed. 
Jcnaenia. 

Opistoma. 

Derostoma unipunctatum Oe. Edinburgh. 

Graffilln. 

Anoplodium . 

Fccampia erythroccphala Giard. Plymouth, Port Erin. 
Solcnopharynx. 


ALLOEOCOELA. 

. Acmostoma. 

Plagioatoma dioicum Metscli., P. chmgatum Gamb., P. 
pscudomaculatum Gamb., P. aagitta Ulj., V. caiula- 
turn Lev., P. aiphonoph oruin O. Sell., P. ochrolcucimi 
Grff. All at Plymouth. 

P. aulphureum Grff. Port Erin. P. vittatum F. ami 
Leuck. Millport, Plymouth, Port Erin. P. koreni 
Jen. Plymouth, Millport. P. girardi O. Sch. 
Plymouth, Port Erin, Valencia. 

Vorticeros auHeulatum O. F. M. (Fig. 19, C). Port 

Erin, Plymouth. V. hit rum Grff. Plymouth. 

Entrrostoma austriacum Grff. Plymouth, Port Erin. 

E. Jingalianum Clap. Skye, Plymouth. E. caecum 
Grff. Millport. 

Allostoma pallidum van Ben. Millport. 

Cylindrostoma 4 -oculatum Leuck. Skye, Millport, Ply- 
mouth. 

C. inerme Hall, C. clongatum Lev. Plymouth. 

Monoophorum striatum Grff. Plymouth. 

Bothrioplana. 

Bothrioplana sp. ? Manchester. 

0 top l ana. 

. Monotus lineatus O. F. M., M. fuacus Oe. (Fig. 19, D). 
Both common littoral forms. 

M. a l bus Lev. Plymouth. 

Automoloa unipunctatus Oe. Skye, St. Andrews, 
Plymouth. 

A. horrid us Gamb., A. ophioccphalus O. Sch. Ply- 
mouth. 



CHAPTER II 


TREMATODA 

CHARACTERS OF TREMATODES HABITS AND STRUCTURE OF TREMA- 
TODA ECTOPARAS1TICA (MONOGENEA) LIFE-HISTORIES OF 

POL YSTOM UM IXTEOERRIMVM y DIPLOZOOX PARADOX UM, AND 

G PROD A CTYL CS ELEOAXS TREMATODA ENDOPAR AS1TK :A 

(DIGENEA) OCCURRENCE AND HABITS OF DIGENEA LIFE- 

HISTORY OF DIRTOMCM MACROSTOAIVM DISTOMUM UEPATI- 

CUM AND ITS EFFECTS lllLllARZIA HAEM A TORI A BISEXUAL 

TREMATODES TABLE OF HOSTS CLASSIFICATION. 

From the Turbellaria we now pass on to a consideration of the 
second great subdivision of the Platyhelminthes, the Trenmtodes 
or “ flukes,” of which the “ liver-fluke ” is the best known, since 
it is one of the most dangerous parasites that iufest domestic 
animals. 

It' has been pointed out that the Polyclads, Triclads, and Iihab- 
docoels are carnivorous, and that in each of these groups sporadic 
cases of parasitism occur. In other words, when the prey is 
much larger than the Turbellarian, the latter tends to become 
a parasite, and we can trace the development of the parasitic 
habit from the gradual association of Turbellaria with Ascidians, 
Crustacea, Molluscs, and Polyzoa merely for protective purposes, 
through the adoption, not only of the body of the host for shelter, 
but of its flesh for food ; though it is only in some Rhabdocoels 
( Graffilla , etc.) that there exists a degeneration corresponding to 
the easier mode of nutrition and simpler life. The Trenmtodes , 1 
however, are wholly parasitic, either on the outer surface, the 
gills, or internal organs of their host, which is almost always a 
1 Compare the remarks on Trematodcs, pp. 4-5. 
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Vertebrate. Some Trematodes lodge in the mouth ; others wander 
down the oesophagus into the stomach or intestine, where they 
fix themselves to the mucous membrane. Again, others work 
their way into the digestive glands by the ducts, and thus 
become further and further removed from the external world, 
and more adapted to live in the particular organs of that host 
in which they best flourish. The most important result of the 
adoption of this internal habitat by endoparasitic Trematodes 
is, however, seen in their life-history. If a liver-fluke were to 
deposit its million or so of eggs in the bile-ducts of the sheep, 
and these were to develop in situ , the host could not withstand 
the increased drain upon its vital resources, and host and para- 
sites would perish together. Hence it is clear that the infection 
of a second host by Trematodes is highly necessary, whether 
they be ectoparasitic y in which case the infection is easily effected, 
when two hosts are in contact, by the adult worms, as well as when 
they are apart, by free-swimming larvae. In endoparasitic Trema- 
todes it is brought about by the migration of the young to the outer 
world, their entrance into a, usually, Invertebrate host and their 
asexual multiplication within it, and the capture and deglutition 
of this “ intermediate host ” by the final Vertebrate one. Within 
the latter the immature parasites find out the organ in which their 
parents flourished, and here they too grow and attain maturity. 
The chances of any one egg of an endoparasitic Trematode pro- 
ducing eventually an adult are, therefore, far less favourable 
than in the case of an ectoparasitic form. In other words, while 
the former must lay a great number of small eggs, the latter 
need only deposit a (comparatively) few large ones, and this fact 
has a corresponding influence on the structure of the genitalia 
in the two cases. The Digenea, which employ two hosts in a 
lifetime, have accordingly a different generative mechanism from 
that of the Monogenea. The great need of the latter is a power- 
ful apparatus for adhering to the surface of the body of its host ; 
while the adaptations which the endoparasite requires are, in 
addition, (1) protection against the solvent action of the glands 
of its host, (2) the power of firm adhesion to a smooth internal 
surface, and (3) the ability not only to produce a large quantity 
of spermatozoa and ova, but in the absence of a fellow-parasite, 
to fertilise its own ova ; and we find these conditions abundantly 
satisfied. 
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Trematoda monogenea ( ectoparadtica ). 

There are four subdivisions of the Monogenea : — 

I. Temnocephalidae , with four to twelve tentacles, and one 
sucker posteriorly (Fig. 20). 

II. Tristomatidae , with two lateral, anteriorly-placed suckers. 
Oral suckers are absent, a large posterior sucker is constant, and 
is often armed with hooks (Fig. 22, C). 

III. Polystomatidae, with, usually, two oral suckers and a 
posteriorly-placed adhesive disc armed with suckers and hooks 
(Figs. 23 and 24). 

IV. Gyrodactylidae (Fig. 29). 

Habits and Structure of Ectoparasitic Trematodes. 

T. Tcmnoceplialidac . — These interesting forms, of which a good 
account lias lately been written by Haswell, 1 occur on the surface 
(rarely in the branchial chamber) of fresh-water crayfish and 
crabs in Australasia, the Malay Archipelago, Madagascar, and 
Chili. Others have been found on the carapace of a fresh-water 
tortoise, and in the branchial chamber of the mollusc Ampullaria 
from Brazil. Wood-Mason discovered others, again, in bottles 
containing spirit -specimens of Indian fish. Temnocephala is 
rarely more than a quarter of an inch long, and looks like a 
minute Cephalopod or a broad flattened Hydra. By the ventral 
sucker each species adheres to its own particular host, the ten- 
tacles being used as an anterior sucker for "looping” move- 
ments. The food, consisting of Entomostraca, Iiotifera, and 
Diatoms, is first swallowed whole by the large pharynx (Fig. 20, 
pit), which can be protruded through the ventrally-placed mouth, 
and is then received into a simple lobed intestine ( d ). The skin, 
especially on the surface of the tentacles, is provided here and 
there with patches of cilia borne by the cellular epidermis, — 
the only undoubted case of external cilia occurring in an adult 
Trematode. Minute rhabdites formed in special gland -cells, 
occur plentifully on the tentacles, and are another distinctly 
Turbellarian feature. The excretory system is peculiar (Fig. 21). 
Fine ducts proceed from the various organs of the body, and 
open to the exterior by means of a }>air of contractile sacs 

1 Haswell, Monograph of the TemnocephcUeac. Macleay Memorial Volume. Mem. 
iii. 1893. 
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placed on the dorsal surface. Each sac is a single cell, and 
within it not one merely, but several “ flames,” or bunches of 
rhythmically contractile cilia, are present. These are placed on 
the course of excessively fine canals, which perforate the proto- 
plasm of this cell. The terminal branches of the excretory canals 
end in branched cells, apparently devoid of “ flames.” 

The reproductive system is very similar to that of certain 



sc' 


Fig. 20. — Temnoceplmht nome-zcfda n iliac Fig. 21. — The same from tlie dorsal surface, 
Has. x 10. Ventral view to show the to show the excretory system (double 
digestive aiul reproductive systems. line), and the nervous system (black 
(After Haswell.) and shaded). (After Has well.) 

d, Intestine ; din, dorso- lateral nerve ; tin, dorsal nerve ; e.c.o, excretory aperture on 
dorsal surface ; e.c.s, terminal excretory sac ; m, mouth ; or, ovary ; ord, oviduct ; 
2»h, pharynx ; rh, rhabdites ; rh.c> cells in which the rliabdites are formed ; rv, yolk 
receptacle ; sc, sucker ; sh, shell-gland ; te, testes ; vt, uterus ; vg, vagina ; vn, 
ventral nerve ; vs, vesicula seminalis ; yd, yolk -duct ; yg, yolk-gland. 9, 6, common 
genital pore. 

Hhabdocoels. An armed penis and the female genital duct 
open into a genital atrium, and this by a single aperture 
( 9 ,'c? , Fig. 20) to the exterior. The fertilised ovum and yolk 
are enclosed in a stalked shell formed in the uterus. 

The interest and importance of the Temnoceplmlidae lies in 
the fact that they are almost as much Turbellaria as Trematodes. 
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Iu habits, in the character of the skin, the muscular, digestive, and 
reproductive systems, they find their nearest allies in Khabdocoels 
(Vorticidae). But in the excretory and nervous systems, the 
latter composed of two dorsal, two lateral, and two ventral trunks 
all connected together (Fig. 21), they are Tristomid Trematodes. 
Thus they may fitly connect an account of the two great groups. 

II. Tristomatidae and III. Polystomatidae } — The members of 
these families are found on the body, or attached to the gills, of 



Flu. 22. — A, Nematobothrhim 
Ji farina van Bened. Nat. 
size. Two individuals (a and 
b) are found together, encysted 
on the branchial chamber of 
the Tunny. B ( (Monel l a call- 
< forum Johns. A Tristomid, 
several of which are attached 
to the ovary of a Copepod 
( Calit jits), itself a parasite on 
the gills of the Hake, x 8. 
C, Epibdella hippoglossi. 
O. F. M. A Tristomid found 
on the body of the Halibut. 
Nat. size, in, Mouth ; ms, 
lateral suckers ; or, ovary ; ps, 
posterior sucker ; te , testes. 
(All after P. J. van Beueden.) 


fresli-water and marine fishes. The edible and inedible fish of 
our coasts have each their particular ectoparasitic Trematodes ; 
while the Minnows, Sticklebacks, and Miller’s Thumbs of streams 
and ponds are attacked by JJijdozoon, Gyrodactylus , and other 
forms. The aquatic Amphibia also harbour a number. Polystomum 
integerrimum is common in the bladder of Frogs, where it leads 
a practically aquatic life. Other species of Polystomum inhabit 
the buccal and nasal cavities of certain Chelonia, but naturally 
no terrestrial Vertebrates are infested externally by these Troma- 

1 Braun, in Bronn’s Klassen u. Ordn. d. Thicrreichs, vol. iv. p. 407, gives a valu- 
able summary of our knowledge of this group. For figures, see van Beneden and 
Hesse, Mimoircs dc V Acad, roy. de Belgique, tom. xxxiv. 1864, pp. 1-169. A 
valuable paper (with synoptic tables) on Japaneso Monogenea, by Goto, Jourii, 
Coll. Sci. Japan , vol. viii. pt. 1, 1894, has recently appeared. 
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todes. The blood and epithelia of the host are sucked, and to 
this end the pharynx has frequently a chitinous armature to aid 
in the abrasion or inflammation of the tissues upon which the 
parasite feeds. In the case of a Sturgeon attacked by Nitzschia 
elongata , a Tristomid, the mouth of the host appeared to be 
highly inflamed by these attacks (v. Baer). 

The suckers, in the two families under consideration, vary 

in number and complexity. There 
is always a powerful apparatus at 
the hinder end of the body secur- 
ing the Trematode firmly to the 
slimy body or gills of its host, and, 
usually in the Bolystomatidae, a 
pair of suckers at the sides of the 
mouth accessory to the pumping 
action of the pharynx. In Axim\ 
and to a less extent in Octo- 
hothrium. (Fig. 23), the suckers 
are strengthened by a complex 
bingework of chitinoid bars or 
hooks, which serve as insertions 
for the muscles of the suckers, 
and thus increase their efficiency. 

The mouth is invariably pre- 
sent just beneath the anterior end of 
the body. It leads into a muscular, 
pumping pharynx (Fig. 24, ph), 
and this into a bifurcated intes- 
tine which ends blindly. The 
two openings of the excretory 
system lie on the dorsal surface 
(as in Tnnnocephalu ), and the 
excretory canals branch through 
the substance of the body, ending usually in “ flamc-cells.” The 
nervous system is highly developed, and resembles that of Temno- 
t rphala (Fig. 21) in detail. Upon the brain one or even two pairs 
of eye-spots are present in the larvae, and may persist throughout 
life. Tactile setae occur in Sphyranura, a parasite of the North 
American Amphibian JVecttirus , but a cellular epidermis is 
apparently rendered impossible, perhaps from the nature of 



Km. 23. -Octohnfhnwn mertanyi Kuhn, 
from the gills of the wliitiug. x 
8. inf, Intestine ; ms, mouth ; hc 
suckers with chitinoid armature ; yk 
yolk-glands. (After v. Nordmann.) 
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the mucus in which the body is bathed, or to the attempts of the 
host to free itself from these parasites ; and hence an investing 
membrane is present, which morphologically is either a modified 
epithelium, or a cuticle formed by the glandular secretion of the 
parenchyma. 

The reproductive organs of the Polystomatidae may be under- 
stood from Figs. 24, 27, and 28. At the point of union of the ovi- 


Klci. 24 .- Po/i/sfom inn integer 
rinnnn Froli., from the 
bladder of the Fro#, ami 
seen from the ventral sur- 
face. The alimentary 
canal is black, the white 
dots upon it. being the 
yolk-glands. <ln\ Ductus 
vitello - intestinal is (pro- 
bably homologous with 
the Laurcr’s canal or 
“ vagina ” of Digcnea) ; 
rh, hooks of sucking 
disc; in/, intestine; ///, 


penis ; ////, pharynx ; .sc, 
suckers with an embryonic 
lmok persisting in each ; 
t»\ testes ; iff, uterus with 
eggs ; rug, left vagina ; 
#v/, vas deferens ; yd, 
yolk - duct ; ////, yolk- 

glands ; 6 9, common 

genital aperture. (Modi- 
fied from Zeller.) ;< 8. 




duct (Fig. 28, ovd), the vitelline ducts (yd), and the commencement 
«f the uterus (ut), a slender duct is given off which opens into the 
intestine, and is known as the " vitello-intestinal canal ” (Fig. 24, 
dci ; Fig. 28, gic). This duct lias apparently the same relations 
as the "canal of Laurel* ” of Digenea, 1 except only that the latter 
opens to the exterior directly. In connexion with this vitello- 
intestinal canal a “ vagina ” is present, which in Polystomum and 
most Monogenea is paired (Fig. 24, vug), in Diplozoon and in one 
1 Sec Lcuckart, “ Parasiten,'' Bd. ii. p. 238. 
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or two other forms, however, unpaired. The vagina receives the 
penis of another individual during copulation (Fig. 26),and does not 
appear to have an homologue in the liver-fluke or other Digenea. 

Life-Histories of the Polystomatidae . 1 — Polystomum integer - 
riirmm. After the mutual fertilisation of two individuals, the 
eggs are laid in the water by the protrusion of the body of the 
parent through the urinary aperture of the Frog. About 1000 
eggs are laid in the spring at the rate of 100 a day for ten 
days. After about six weeks, the larva (-3 mm. long) hatches 



Fid. 25. — Eggs of Monogenea. A, Eggs of Encotylabe pagelli v. Ben. -Hesse ; B, eggs 
of Udonella pollachii v. Ben.-Hesse (with young forms just hatching out) ; C, egg 
of Aficrocotyle labracis v. Ben.-Hesse. (After van Beneden and Hesse.) x 50. 

out, and swims about freely by means of bands of large ciliated 
cells (Fig. 26, A); but if it does not meet with a tadpole within 
twenty-four hours, it dies. Should it, however, encounter one, 
the larva creeps along it in a looping fashion until it approaches 
the opercular spout, or opening of the branchial chamber, on the 
left side ; into this it darts suddenly, fixes itself, and throws off 
its cilia. Here it remains eight or ten weeks, feeding, in- 
creasing in size, and forming the suckers from behind forwards! 

1 Zeller, ZHtachr, /. wiss. ZooL xxii. 1872, pp. 1, 168 ; also Bd. xxvii. 1876, p. 
238 ; xlvi. 1 888, p. 233. 
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At the time of the tadpole’s metamorphosis, the young Polystomum 
works its way down the pharynx into the oesophagus and along 
the intestine, till it reaches and enters the opening of the bladder. 
Three years afterwards it becomes mature. 

Sometimes, however, Polystomum experiences another fate. The 
larvae settling down on the external gills of a young, recently- 
hatched tadpole, and obtaining a 
richer supply of blood than in the 
previous case, grow far more rapidly, 
so that in five weeks they are mature, 
although still in the branchial 
chamber of the tadpole. They do 
not then wander into the aliment- 
ary canal, but usually, having dis- 
charged their eggs, die at the time 
of the tadpole’s metamorphosis. 

Still more interesting, however, is 
the difference between the genitalia 
in these and in the normal Poly- 
stomum. In contrast with the latter, 
these possess (1) one testis and a 
rudimentary penis ; and their sper- 
matozoa differ in structure and 
shape from those of the normal 
Polystomum. (2) The vaginae are 
absent, a fact connected with the 
absence of a functional copulatory 
organ. (3) In compensation for 
the loss of these, a duct connects 
the single testis and the point of 
union of oviduct and yolk-ducts, 
and by this self-fertilisation occurs. 

(4) The uterus is absent ; the 
“ ootype ” or duct into which the 
shell -gland opens, communicating 
directly with the exterior. In (1) and (4) these aberrant Poly- 
stomum resemble P. ocel latum, from the Tortoise Emys europaea. 

Diplozoon paradoxum . — The life -history of Diplozoon is 
unique. For whereas the larvae of most animals grow up, 
each into a single adult, in Diplozoon , of the few larvae that 



Fr . 26. — Pdy do mum inteyerrimm. 
A, Free-swimming larva, seen from 
the ventral surface, x 80. B, 
Two mature individuals in mutual 
coition attached to the bladder 
of a Frog, x 5. (After Zeller.) 
d, Intestine ; ex.n, excretory pore, 
dorsal in position, seen here by 
transparency ; ey, eye-spots ; yl % 
frontal glands ; m, % mouth ; ph, 
pharynx ; ad, adhering disc ; vuy % 
vagina. 




Fig. 27. — A, Egg of Dip- 
lozoon paradoxum v. 
Nord., consisting of a 
shell enclosing or, the 
actual ovum, sur- 
rounded by yc, the 
yolk -cells ; B, larva 
just hatched ( x 125) ; 

C, two Diptrrpa. (I 
and II) about to unite ; 

D, conjugation in pro- 
gress but not yet 
complete, dt, Dorsal 
papilla ; e , eye ; g, in- 
testine ; m, mouth ; sc, 
ad-oral sucker ; th, 
spirally-wound thread 
attaching the egg to the 
gill of the Minnow ; 
vs, ventral sucker ; (in 
D) I, I, one Diporpa , 
ventral view; II, 11, 
the other, dorsal view. 
(After Zeller.) 



Fro. 28. — Hinder part of the 
body of Diplozoon para- 
doxum. The fusion of the 
two Diporpa , where they 
come into contact, is now 
complete. They now cross 
each other like an X, and 
are twisted, so that Diporpa 
1, in front of the point of 
fusion, is seen from the 
dorsal surface : behind, 
from the ventral surface ; 
.and the reverse is the case 
with Diporpa II. The 
compound animal is seen 
from the opposite surface 
to that shown in Fig. 27, 
I). The digestive and 
excretory organs are 
omitted. (After Zeller.) I 
Ant. dorsal , dorsal surface 
of Diporpa I, facing the 
anterior end ; I Post, 
ventral , ventral surface of 
Dijtorpa I, posterior end ; 
and similarly for II Ant. 
ventral and TI Post, dorsal. 


d, Piece of the intestine showing opening of, yic, vitello-intestinal canal ; or, ovary ; 
onl t point of union of female genital ducts ; sc, suckers ; te, testis ; nt (in Diporpa? 
1), “ ootype ” or chamber into which shell-glands open. This is continuous with the 
uterus (ut) of Diporpa I ; uto, ventral opening of uterus ; mg, vagina, with vd, vas 
deferens, permanently inserted into it through the genital pore ; yd, yolk-ducts ; yg, 
yolk-glands. 
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survive the dangers of their free-swimming existence, only those 
become mature which conjugate permanently with another indi- 
vidual. But although there are thus only half as many adult 
Diplozoon as there were conjugating larvae (or Diporpa, as they 
were called when they were considered distinct forms), yet the 
total number of eggs produced is probably as great as if each 
larva became individually mature. 

Diplozoon paradoxum lays its eggs on the gills of the Minnow, 
which it frequently infests in great numbers. The ovum divides 
rapidly at the expense of the yolk-cells, and in a fortnight a 
larva (*2 nun. long) of the shape and complexity shown in Fig. 
27, B, hatches out, which, however, succumbs if it does not 
meet with a Minnow in live or six horn’s. 

Should it survive, a dorsal papilla, a median 
ventral sucker, and a second pair of posterior 
suckers develop. Thus the Diporpa stage 
is attained. These Diporpct may acquire a 
third and even a fourth pair of suckers, and 
continue to live three months, but they only 
develop and mature their reproductive organs, 
if each conjugates with another Diporpa 
(Fig. 27, C, D), and this only occurs in a 
small percentage of instances. Each grasps 
the dorsal papilla of the other by its own 
ventral sucker, thus undergoing a certain 
amount of torsion. Where the two bodies 
touch, complete fusion occurs, and, as shown 
in Fig. 28, the united Diporpa (or Diplo- 
zoon , as the product is now called) decussate, 
each forming one limb of the X-shaped 
Diplozoon , within which the two sets of 
complex genitalia develop (Fig. 28). 

IV. Gy rodac tylidae. — Gyrodactylus (Fig. 

29), the structure of which is in many 
ways peculiar, produces one large egg at a 
time. An embryo, in which the large and 
smaller hooks of the adhesive disc can be seen 
( emb ), develops from this egg while still within the body of tlu* 
parent, and may give rise to yet another generation within itself. 
The details of the process have not, however, been well ascertained. 



Fki. 29. — Gyrodactylvs 
clegans v. Nord., from 
the fins of the Stickle- 
back. (After v. Nord- 
mann.) x 125. emb , 
Embryo. 
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Trematoda digenea (endoparas i tic a ). 

Occurrence and Habits of Digenea. — Endoparasitic Trema- 
todes have been found in almost all the organs of Vertebrate hosts 
excepting in the nervous, skeletal, and reproductive systems. The 
alimentary canal, however, is the most usual habitat. From the 

buccal cavity to the large intestine, or 
even to the cloaca, its different regions 
are the resorts of various Trematodes. 
No Digenea have been found in the 
mouth, pharynx, or oesophagus of Mam- 
mals ; but in Birds, Reptiles, Amphibia, 
and especially in Fishes, these parts .are 
largely affected. It is a striking fact 
that Trematodes should occur in the 
stomach of (chiefly) large predaceous 
fishes, such as the Pike, Sharks, the 
Angler-fish, and others, considering the 
powerful digestive action of the gastric 
juice of these carnivores. The peculiar 
nature of the defence which must be 
employed by the parasites against this 
digestive action, becomes still more 
marked when it is considered that if a 
Trematode normally living in the stomach 
of one host be transferred to that of 
another, it is usually speedily digested, as 
is shown (p. 65) in the case of Distomum 
macrostomum. From these considera- 
tions the suggestion has been made that 
the cutaneous secretions of these Trematodes must act, not only 
as a protection against digestive or other ferments, but that the 
action in each case must be a specific one (Frenzel, Braun). 

It is, however, in the small intestine that most Trematodes 
occur, as the examination of the common Frog 1 will readily 
demonstrate. Both this and the edible Frog are attacked by a 
dozen Distomatidae, only a few of which, however, are common 

1 An excellent and beautifully illustrated account, by Looss, of the Dis- 
tomatidae of Progs and Fishes may be found in Leuckart and Chun*s Bibliotheca 
Zoolog icct, Heft 16, 1894. 



Fig. 30. — THst.om um Inleum v. 
Baer (immature), to show 
the arrangement of the 
excretory vessels. x 50. 
<\/\ o, Excretory aperture by 
which the terminal contrac- 
tile duct opens — the liner 
vessels end in flame- cells ; 
inty intestine ; w, mouth - 
sucker ; ph, pharynx ; rs, 
ventral sucker. (After la 
Valettc.) 




II 


TREMATODA DIGEN EA 


63 


to both hosts, and a number of Holostomatidae also pass a stage 
of their development within these Amphibia. Some idea of the 
extent to which animals, whose habits lead to infection, may be 
attacked by Trematodes (to say nothing of Cestodes and Nema- 
todes, which often occur also) may be gathered from the fact that 
in dissecting a black stork, Nathusius found several hundred 
Holostomum excavatum and about a hundred Distomu m ferox in 
the small intestine, twenty-two D, hums in the oesophagus, five 
others in the stomach, and one IX echinatum in the intestine. 
Snipe, Woodcock, Sandpipers, Dunlin, Gulls, Bittern, Geese, and 
Wild Ducks are, to mention a few cases, greatly infested by 
members of this group. 

The following Trematodes have occurred in man 1 : — 

Distomum hepaticum Abild. Distomum pulmonale Biilz ( ]). 

„ lanceolatum Mchlis. rinyeri Cobb., 1). wester - 

„ conjunct um Cobbold. innnni Kerb.). 

„ spathulatum Leuckart (— „ oculi humani Amnion ( = 1). 

D. sinense Cobb., D. ophthalmolnum Dies.). 

japontcum R. Blanch.). Monostomum lends v. Nord. 

„ rathouisi Poir. (probablj r = Amphistomum hominis Lewis and 
D. crassum Busk, D. M‘Connell. 

buskii Lank.). Ililharzia haematobia Cobb. 

„ heterophye8 v. Sieb. 

Life-histories of the Digenea. — The classification of Trema- 
todes according to their life-histories, expressed in the divisions 
Monogenea and Digenea, though a very useful one, breaks down 
entirely in the case of certain forms. Tims the life-history of 
Gyrodactylus is probably digenetic rather than monogenetic. Aspi- 
dor/aster conchicola , 2 which lives in the pericardial cavity of the 
fresli-water mussel (possibly the only case of a Trematode becom- 
ing normally mature in an Invertebrate host, since other species 
of Aspidogaster live in Ohelonia), produces larvae which enter 
another Anodonta and develop directly into the sexual form. In 
other words, Aspidogaster , though structurally a digenetic form, 
possesses a life-history which is direct and simple, i.e. monogenetic. 

The Holostomatidae, which live in birds of prey and 
aquatic birds, give rise to eggs from which a minute larva 
escapes. The fate of this aquatic larva is not directly known, 

1 Leuckart, Parasiten d. Mcnschen , “ Trematode 11 ,” 1892-94 ; R. Blanchard, 
Traited. Zool. mddicale , i. 1889 ; H. B. Ward, Report for 1894 of Nebraska State 
Board of Agric. Lincoln , U.S.A. 1895, p. 225. 

2 Huxley, Anat . of Invert, Animals , 1877, p. 194. 
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but in all probability after entering a host (Fish, Amphibian, 
Mollusc), it undergoes a gradual change into what has long been 
known as a Tetmcotyle ,. from the frequent presence of four 
(sometimes only three) adhering organs. 
Fig. 31 exhibits a species which is abun- 
dant in the lens and vitreous humour of 
the eye of the Perch. Its further history 
is not known, but presumably the Perch 
is presently devoured by the final host in 
which the Diplostomum attains maturity. 
Thus the Holostomatidae are “ metastatic ” 
(Leu chart), their (probably) direct develop- 
ment requiring the presence of two hosts. 1 11 

The other Digenea, the life-histories of 
which are known, belong to the Disto- 
matidae and Ampliistomatidae, and we may 
distinguish the steps by which the com- 
plex life-history of the liver-fluke (Dis- 
tomum hepaticmii) has been brought about, 
by a consideration of that of Distomum 
macrostomum. 

IHstomum macrostomum. — This form 
occurs in the intestine of several common 
Passerine birds. It is remarkable not only 
for the large oral sucker, but also on account of the position of 
the common genital pore, at the hinder, and not as usual, at the 
anterior, end of the body (Fig. 32, A). The eggs pass out 
through this pore, and are discharged with the bird's excrement. 
Should a certain snail ( Succinea putris) happen to rasp off the 
epidermis of a leaf upon which the faeces have fallen, the eggs 
are swallowed and a minute active larva is set free (Fig. 32, B). 
This penetrates through the thin wall of the digestive tract of 
the snail, and passing into the connective tissue, throws off its 
cilia and assumes the shape of Fig. 32, C. This sporocyst , as the 
larva is now termed, grows rapidly in all directions (Fig. 32, D) at 
the expense of the snail's tissues, until it becomes impossible to 
separate parasite and host completely. Those branches which 

1 Brauti, Broun’ s Thicrrcichs , Bd. iv. p. 792 ; Leuckart, Parasilen d. Mcnschni , 

11 Abtli. p. 158 ; Braudes, in Sjfcngcls Zoo/. Jahrb. Syst. Abthcil. Bd. v. 1890, 
p. 849 ; v. Nordmann, Mikr. Bcitr. i. Berlin, 1832. 


mft 



Fig. 31 . — Diplostomum ( Tel nr - 
cotylc ) volvens. (After 
v. Nordmaim. ) x 130. 
cv, Contractile excretory 
vesicle ; d, intestine 
calcareous bodies in ex- 
cretory tubules ; aim# 
excretory aperture ; y/, 

glandular- adhesive body 
w mt, oral sucker ; j>h , 
pharynx ; vs, ventral 
sucker. 
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lie superficially in the cephalic region of the snail become greatly 
swollen, cylindrical, and contractile. They are banded witli green 
and white, ornamented with red terminal spots, and pulsate rapidly. 
Hence these fertile branches of the sporocyst (which in this con- 
dition was known as Leucochloridiu 111 paradoxum. Fig. 33, B) 
naturally attract the attention of insectivorous birds, which peck 
off the tentacles of the snail, and with it the swollen sporocyst- 
brancli. A sphincter muscle closes the cut end of the fertile sac 
when the bird’s bill nips it off The sac contains large numbers 


Flu. 32. — Life -history of liistomvm 
macrostomum Rud. A, Tim nature 
/Jistomum (really a tailless ( Vv- 
caria) found in the swollen ter- 
minal parts of LeucocJi/nrirfium 
(Fig. 33, IT) and enclosed in two 
protective membranes, x 40 ; B, 
larva which hatches out of the 
egg of />. macrostomum , x 12f> ; 
C, the metamorphosed larva 
(sporocyst) fourteen days after 
having entered Sucduca jnUrix, 
ami pierced through its intes- 
tinal wall ; D, actively growing 
sporocyst. (After Heckert. ) ;/o, 
Genital aperture ; iut, intestine ; 
ms, mouth sucker ; n, nervous 
system ; or, ovary ; ps, ventral 
sucker ; tc, testis. 


of young D. macrostomum (Fig. 32, A), produced by the division of 
embryonic cells of tlie larva (Fig. 32, B), which arc apparently 
blastomeres of the egg reserved for this future use. It is a 
remarkable circumstance that the old bird itself is immune from 
infection, and if it swallows these young Distomes, they are 
digested. Should, however, the snail’s tentacle and its contents 
be offered as food to the nestlings, their weaker digestive powers 
merely set the Distomes free from the protective membranes (Fig. 
32, A)/ and thus the Blackcaps, Sparrows, and other birds infested 
by D. macrostomum have acquired the parasite when they were 
VOL. 11 f 
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nestlings by the unintentional agency of their parents . 1 The 
snail regenerates its lost tentacles only for the sporocyst to again 
bud off fertile branches into them. 

The egg of this Distome thus gives rise to a larva which 
enters the tissues of one particular Mollusc. Here it becomes 
a branched sporocyst within which the sexual worms are formed, 



Fro. 33. — A, Succinen 
pntris , infested 

l»y B, Levcnchlori- 
t Hum jHtmdoiCum , or 
the fully - formed 
sporocyst of bisto- 
mum viacrostomum . 
(After Heckert.) A, 
Natural size ; B, x 

7. 


apparently each from a single embryonic blastomere (“ Keim- 
zelle ”), by a process comparable with the development of a 
parthenogenetic ovum, and the whole cycle has been termed 
Alloiogenesis, i.e. alternation of sexual and parthenogenetic genera- 
tions (Grobben ). 2 Leuckart 3 and Looss , 4 however, consider that 
what was once a metamorphosis of an individual (as in the 

1 Heckert, Bibliotheca Zoologica (Leuckart and Chun), Heft 4, 1889. I am not 
aware that Leucochloridium 1ms been noticed in England. 

2 Jt Heterogamy ” usually means the alternation of bisexual and unisexual 
generations (e.g. Bhabdonema nigrovenosum ), but is, unfortunately, also used in the 
sense of Alloiogenesis, as defined above. See Grobben, Arbeit. Zool. zoot . hits. 
IHen , Bd. iv. 1881, p. 201. 

3 Parasite n , Bd. i. Abth. II. p. 152. 

4 Festschrift f. Leuckart , Leipzig, 1892, p. 167. 
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Holostomatidae) has now become, by maturation of the Cercaria 
in the comparatively modern warm-blooded bird, a metamorphosis 
extending over two or more generations. 

Distomum {Fasciola) hepaticum — The liver-fluke of the Sheep, 
which produces the disastrous disease, liver-rot, has a distribution 
as wide as that of a small water-snail, Limnaea truncaUda , the 
connexion between the two being, as Thomas 1 and Leuckart dis- 
covered, that this snail is the intermediate host in which the 
earlier larval, sporoeyst, and redia stages are passed through, and 
a vast number of immature flukes (Cercariae) are developed. 
These leave the snail and encyst upon grass, where they are eaten 
by the sheep. Over the whole of Europe, Northern Asia, 
Abyssinia, and North Africa, the Canaries, and the Faroes, the fluke 
and the snail are known to occur, and recently the former has 
been found in Australia and the Sandwich Islands, where a snail, 
apparently a variety of Limnaea truncatula, is also found. 2 Over 
these vast areas, however, the disease usually only occurs in certain 
marshy districts and at certain times of the year. Meadows of 
a clayey soil, liable to be flooded (as in certain parts of Oxford- 
shire), are the places where this Limnaea occurs most abundantly, 
and these are consequently the most dangerous feeding-grounds 
for sheep. The wet years 1816, 1817, 1830, 1853, and 1854 
— memorable for the occurrence of acute liver-rot in England, 
Germany, and France — showed that the weather also plays a 
considerable part in extending the suitable ground for Limnaea 
over wide areas, which in dry years may be safe pastures. In 
1830 England lost from this cause, 3 one and a half million 
sheep, representing some four millions of money, while in 
1870-80 three millions died. In 1862 Ireland lost 60 per 
cent of the flocks, and in 1882 vast numbers of sheep perished 
in Buenos Ayres from this cause. I 11 the United Kingdom the 
annual loss was formerly estimated at a million animals, but is 
now probably considerably less. After infection during a wet 
autumn, it is usually in the succeeding winter that the disease 
reaches its height. 

1 Quart. Joum. Micros. Sci. vol. xxiii. 1883, p. 90. 

8 The intermediate host in the Sandwich Islands is said to be Limnaea pererjra . 
See Lutz, Ccntralbl. f. Baktcr. xi. 1892, p. 783. 

The mortality in wet years, however, is said to be largely due to pulmonary 
inflammation. This and other causes of death are not always discriminated in the 
returns. 
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The symptoms of “ rot ” appear about a month after infection, 
more acutely in lambs than in sheep, and again, less in oxen than 
in sheep. At first, death may result from cerebral apoplexy, but 
if the first few weeks are passed through, a pernicious anaemia 
sets in, the sheep are less lively and fall at a slight touch, the 
appetite diminishes, and rumination becomes irregular. The 
conjunctiva is of a whitish-yellow colour, the dry, brittle wool 
falls off, and there is sometimes fever and quickened respiration. 
In January, about three months after infection, the wasting, or 
fatal, period sets in. Oedemas or swellings, usually visible before, 
become larger at the dependent parts of the body, a large one in 
the submaxillary region being especially well marked, and this 
is considered one of the most characteristic symptoms ( u watery 
poke ”). Through this period few of the infected sheep survive, 
but should they do so, the flukes begin to migrate, though some 
remain much longer within the liver. Migration is effected 
through the bile-duct into the duodenum and outwith the faeces, 
in which the altered remains of the Distomum are sometimes 
scarcely recognisable. Under these circumstances (or owing to 
death of the fluke in situ ) the sheep recover more or less fully. 

The preventive measures seem to be: (1) Destruction of the 
eggs and of the manure of rotten sheep; (2) slaughter of badly 
fluked sheep ; (3) adequate drainage of pastures ; (4) an allowance 
of salt and a little dry food to the sheep ; and (5) dressings of 
lime or salt on the ground to destroy the embryos. 1 

Distomum hepaticum, contrary to most Trematodes, enjoys a 
wide range of hosts. Man himself occasionally falls a victim; thus 
in Dalmatia, in the Narenta Valley, the disease is endemic but 
slight in its effects. The horse, deer, camel, antelopes, goat, 
pig, rabbit, kangaroo, beaver, and squirrel have all been known 
to harbour this fluke occasionally. In the Italian deer-parks at 
Mandria a large species, D, magnum , decimated the herds some 
years ago ; and this species, probably imported from Italy, is now 
almost as dangerous a parasite on the western plains of the 
United States as D. hepaticum . 

Bilharzia haematobia ? — This formidable parasite was dis- 
covered by Bilharz in 1853 in the veins of the bladder of patients 

1 See Thomas, Quart, Joum, Micros . Science t xxiii. 1883. Neumann, Parasites 
of Domesticated Animals , translated by Fleming, 1892. 

8 Leuckart, loc. cit . ; Looss, Archivf, mikroskop . Anatomic , Bd. xlvi. 1895, p. 1. 
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at the Cairo Hospital, and is remarkable from its abundance on 
the east coast and inland countries of Africa from Egypt to the 
Cape, as well as in the districts bordering i^ike Nyassa and the 
Zambesi river, while westwards it occurs on the Gold Coast. 
Mecca is a source of infection whence Mohammedans carry the 
disease to distant places. In Egypt about 30 per cent of the 
native population is affected by the serious disease known as 
Haematuria, resulting from the attacks of Billuvnia , so that, of 
the many scourges from which in Africa man suffers, this one is 
perhaps the most severe. 

The worm is found usually in couples, which have been proved 
to be male and female individuals (Fig. 34), 
often in considerable numbers in the veins 
of the pelvic region, chiefly the veins of the 
bladder and of the large intestine, and it is 
tolerably certain that Bilharzia enter these 
vessels from the portal vein. Their long 
slender bodies enable them to penetrate 
into the finer vessels, which get partially 
or entirely choked up, and the circulation 
accordingly impeded. But the most serious 
consequences are observed in the urinary 
bladder. The mucous membrane is swollen 
and inflamed here and there, chiefly on 
the dorsal surface, the capillaries appear 
varicose and covered with mucus, mixed 
with blood-extravasations in which Bil - 
harzia-e ggs are noticeable. The eggs also 
cause numerous swollen knots in the sub- 
mucous tissue. Should the disease not 
pass beyond this stage (and such is usually 
the case, especially in South Africa), a 
temporary haematuria ensues. The urine, 
which is only expelled with great effort, 
accompanied by intense pain, is mixed with blood, mucous clots, 
and masses of Bilharzia-eggs, from which some of the embryos 
have already hatched out. The symptoms, however, may gradu- 
ally pass away, and a more or less complete recovery accomplished. 
The disease may indeed be of a far less severe character, and may 
not interfere with the usual occupations of the patient ; but, on 



Fig. 34 . — JUlharzut Interna- 
tobia Cobb, x 10. The 
female (9) lying in the 
gynaecophoric canal of the 
male (6). d, Alimentary 
canal ; ms, oral sucker of 
male ; vs, ventral suckers. 
(After Leuckart. ) 
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the other hand, a far more extensive thickening of the wall of 
the bladder sometimes occurs; hard masses of eggs, uric acid 
crystals, and other deposits, may lead to the formation of stones, 
degeneration of the substance of the ureter, and eventually to 
that of the kidney itself. The stone, indeed, has long been 
known to be a prevalent disease in Egypt, and it is now known 
to arise from concretions formed round masses of Billiarzia 
eggs. From the portal vein, again, other Billiarzia may gain 
access to the rectum, or the liver, and it has also been found in 
the lungs, and may give rise to most serious complications, if 
indeed the patient lives. 

How infection occurs is a question to which at present no 
satisfactory answer can be made. The attempt to introduce 
embryos of Billiarzia into the common fresh-water animals of 
Alexandria has hitherto proved fruitless (Looss l ), although there 
seems little doubt that the comparative immunity of Europeans 
from the disease is in some way owing to their drinking purer 
water than the natives. Possibly, as Leuckart suggests, the 
embryo becomes a sporocyst in man himself, somewhat as Taenia 
murina is known to develop in the rat without an intermediate 
host . 2 The immense numbers of the parasite in one host would 
then readily receive an explanation. 

A Billiarzia, possibly B. liaematoMa , was found by Cobbold in 
the portal vein of Cercopithecus f uliginosus ; and B. crassa infests 
the cattle of Egypt, Sicily, and certain parts of India, but does 
not produce haematiiria. 

Of the other Trematodes of man and domestic animals there 
is not room to speak fully. Distomurn pulmonale , which occurs 
in the lungs of the cat, tiger, and dog, as well as in man, is 
especially common in Japan, China, Corea, and Formosa. D. 
sinenSe and D, rathouisi have been also found in inhabitants of 
these countries. 

Bisexual Trematodes. — Zoologically, Billiarzia is interesting 
from its bisexual condition. It is not, however, the only bisexual 
Trematode. In cysts in the branchial chamber of Kay’s bream, 
Brama rail, two worms are found, which are probably the slender 
male and the swollen female of the same species ( Distomurn 
okenii). The only doubt that win arise proceeds from the 
tendency in all Trematodes for the male organs to ripen before 
1 In Leuckart, Die Parasiten d. Mensehen , pp. 521*528, 1894. 2 Cf. p. 89. 
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the female organs. Until we certainly know that the swollen 
egg-bearing form (?) does not arise from a previously male 
form ( d), the case is open to suspicion. 

Since, however, Kolliker 1 never found 
intermediate hermaphrodite conditions, 
this Distomum may be almost certainly 
regarded as of distinct sexes. Didymo - 

zoon thynni (Monostomum hipartitum ), 
from cysts on the gills of the Tunny 
( Thynnus ), is another ease. Two slender 
worms flattened posteriorly, come to- 
gether, and the body of one becomes 
folded to receive that of the other. They 
fuse completely except for a small lateral opening through which 
the anterior parts of both worms may freely protrude. The 
enclosing individual contains a coiled uterus filled with eggs, 
and is the female, whereas the smaller individual never possesses 
eggs, and is probably the male. 2 Nematohothrium (Fig. 22, A), 
which occurs also in the Tunny, in the form of two immensely 
long individuals intricately wound about each other in a cyst, is, 
however, not bisexual. 


Fio. 35. — Distomvm nfreuii Roll. 
Showing mule ami female us 
they occur together in the 
brauchial cavity of Jiramaraii 
(Ray’s bream). (FromBronn, 
after Kolliker. ) Nat. size. 


Table of Digenetic Trematodes and their Life-Histories . 3 


Species. 

Diplodiscus (Am 
phistomum) sub - -| 
clavatus Gbze 

Distomum advena 
Duj. (D. mi - 
tj runs Duj.) 

D. appcndicula- 
tum Rud. 


Final host. 


Host into which the 
larva enters, and in 
which Cercariae are 
eventually formed. 


Host into which the Orcarlae 
migrate and encyst ; eaten by 
tlnal host. 


**/». «•/* 


tun 


Sorex arancus 


l ( Cydas 
. Not known 


J Insect » larvae, Unit a, 
| but frequently omiti 


Jlufo, 
omitted 


Li max 


| Clupea alosa 
D. ascidia v. Ben. Species of Bats 


, f Lucullan acuspcs. Centropagcs 

. In ot known | *«„,«!«» (Cq^wb) 

Limnacastagnalis f Jiphrmcru, Per la, Chironomus 
Planorbis corncus \ plumosus 


D. atriventre f Frogs and Toads Physa heterostro- f v , * 
Weinl. 1 ot'N. America p/i a \ 

o. v.viatum V. f Hed^hoR lErt«n- ( mftI 
Linst. \ ecus europaeus) ( 


Anthura gracilis 


1 See Braun. Bronn’s Klassen u. Ordnungen d, Thierrcichs , vol. iv. p. 572. 

2 Braun, loc. cit. p. 573. 

3 Taken largely from Brauu, Ibid. pp. 864*866, where the literature of the 
subject is referred to fully. 
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Species. 


Final host 


\ n 1i ViaerUm {j!<>™ ■ 
1). cyynoidcs Zed. liana . 


Host into which the 
larva enters, and in 
which Cercariae are 
eventually formed. 

( Limnaca ovata i 
Planorbis corneus \ 


Host into which the Cercariae 
migrate and encyst ; eaten by 
final host. 

Not known 


1). cylindraccum f „ 
Zed. \ 

D. dimorphum 
Dies. 


Pisidium, Cyclas { ^ CcTmria ,IMCro ' 


liana 


( Ardca, Ciconia 
(Brazil) 


t 

D. cchinatnm Zed. 

D. cndolobuniThi}' liana . 


Limnaca ovata 
Not known 


Ilybiua fuliyinosus 
Different species of Fishes 


D. (flohiporum 
liud. 

D. hepaticum 
Aliilcl. 

1). hystr-ix Duj. 


Species of Lira- Species of Limnaca , Paludina 
naca vivipara 

f L. stagnalis , Gammaruspulcx , 
Limnaca stagnalis -J larvae of Limnophilus 

[ rhornbiens 

( Limnaca staynalis , L. ovata , 
Ruccinca pfei fieri, S. put vis , 
Physa fontinalis , Planorbis 
marginatas 






| /Vrai fluviatilis . Not known 

{ Sheep, Oxen, Man, Limnaca trunca - / Oinittcrl 
etc. tula \ 

| Not known Marine Fishes 


J Lophius pisca 
\ tonus 


D. macrostomum f Warblers, Tits, f ^ ... , 

Riul. { Woodpeckers, etc! P ulns 0,mttol 


Common Snipe 
Fcrca fluviatilis 

liana csculenta 


I), militarc v. Ben. 

D. nod ulo sum Zed. 

T). ovocaudatum 
Yulp. 

D. rctusnm Duj. liana 
D. squamula Dies. Polecat 
11 si'jmtnm Duj. { Tr^dorntm na - { Unknown 


Paludma vivipara P. vivipara 

{ m !X ia tenlacu -{ Cyprinm, Accrina com ua 

{ Species of Plan- Probably omitted. ( Oercaria 
orbis known as C. cystophora Wag. ) 

"—-*»■*{* gSf’ arvao of rhry " 

Rana temporarw 
liana 


Unknown 


D. 




Paludina vivipara Unknown 


( Ostrca cdulis, Car- f 
Gasterostomum sp. Dogfish, Rays 4 dium rusticum, -J 

C. cdulc [ 

UniOy Anodonta t 

1 ^ ) Leuciscus crythrophthalmus 


Bclonc vulgans 


G. fimbnatum 
v. Sieb. 


| Perea , Esox 


G. yractlcsccns 

Rud. 

Monostomum 
flavum Mold. 


J Lophius pisca- 
torius 




Anas 


\ 

r 

j as Bucephalus ) J 
l polymorphus ) ( 

| Unknown 
Planorbis corneus Omitted 


/Species of Gad us (c.g. G. 
\ aeglcflnus) t Molva, Lophius 


Classification of Trematodes. — We have seen (p. 63) that it 
is hardly possible to carry out fully the division of Trematodes into 
Monogenea and Digenea. Nevertheless, pending further inves- 
tigation on the doubtful points, this classification may still be 
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used. Monticelli 1 has proposed the main divisions <5f a new classi- 
fication, which has been also adopted by Braun, and is based 
on the nature of the suckers. These divisions are indicated 
below in brackets. 

A. Monogenea v. Ben. (Heterocotylea Mont.). 

1. Fam. TEMNOCErnALiDAE Hasw. 

Gen. Temnocephala Hasw. 

2. Fam. Tristomatidae Tsclibg. 

Sub-Fam. 1. Tristomatinac Mont. 

Gen. Tristomum , Nitzschia , Epibdelh i, Trochopus , Acantho- 
cotylc , Phyllouella , Placunella , Eucotylabe. 

Sub-Fam. 2. Monocotylinae Tsclibg. 

Gen. Psendocotyle , Calicotyle, Monocotyh. 

Sub-Fain. 3. Udonellinae v. Ben.-Hesse. 

Gen. Udonella , Echinella , Pteronella. 

3. Fam. Polystomatidae Tsclibg. 

Sub-Fam. 4. Octocotylinae v. Ben.-IIesse. 

Gen. Odobothrium , Plcnroculytr , JHplozooti , Anthocotyh, 
Vallimia , Plnjllocotyh , Jfexucotyle, J’latyrotylr , P/tr- 
?i ocotyle , Diduloph ora. 

Sub-Fam. 5. Polystonmtinae v. lien. 

Gen. Polystomum , Onchorotyle , Erpocotyle , Diplobothrium, 
Sphyranura. 

Sub-Fam. 0. Microcotylinae Tschbg. 

Gen. Microcotyle , Gastrocotyle , yf.rtue, Pseudaxinc . 

4. Fam. Gyrodactylidak v. Ben. 

Sub-Fam. 7. Gyrodactylinae Par. et Per. 

Gen. Gyrodadylus , Dadyloyynm , Tdraonchus , Diplcdanum . 
Sub-Fam. 8. Calceostominae Par. et Per. 

Gen. Calceostomum , Anoplodiscus. 

5. Fam. Aspidobothridae Burm. ( = Aspidocotylka Mont.). 

Gen. Aspidogaster , Platyaspis , Cotylogaster , Macro apis. 

B. Digenea v. Ben. (Malacocotylea Mont.). 

6. Fam. Holostomatidae Braudes ( = Metastatica Leuckart). 

Gen. Diplostomum, Polycotyle , Hernistomum , Jlolostomnm . 

7. Fam. Amphistomatidae Mont. 

Gen. Amphistomum , Diplodisms, Gastrodiscus , Hornalogastcr, 
Gastrothylax, A spidocotyle . 

8. Fam. Distomatidae Mont. 

Gen. Distonium (and sub-genera), Iihopalophorus , Kodlikeria , 
JUlharzia. 

9. Fam. Gasterostomatidae Braun. 

Gen. Gasterostomum. 

10. Fam. Didymozoontidae Mont 

Gen. Didymozoon , Nematobothrium. 

11. Fam. Monostomatidae Mont. 

Gen. Monostomum , Not ocotyle, Ogmog aster, Opisthotrema. 

1 Fcstschr. /. Leuckart , 1892, p. 134. 
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INTRODU CT1 ON NATURE OF CESTODES OCCURRENCE OF CESTODES 

THE TAPE- WORMS OF MAN AND DOMESTIC ANIMALS TABLE 

OF THE LIFE -HISTORIES OF THE PRINCIPAL CESTODES OF MAN 

AND DOMESTIC ANIMALS STRUCTURE AND DEVELOPMENT OF 

CESTODES TABLE FOR THE DISCRIMINATION OF THE MORE 

USUAL CESTODES OF MAN AND DOMESTIC ANIMALS CLASSI- 

FICATION. 

The Cestodes or Tape - worms are exclusively endoparasitic 
Ida tyhelmint lies living, in the adult condition, in the alimentary 
canal of Vertebrates, with the exception of Archigetes (Fig. 37), 
which may become mature in the body-cavity of Tubifex. In 
relation with this v wholly parasitic existence, the Cestodes exhibit 
certain characteristic modifications in structure and mode of 
development, such as the formation, by the segmentation of the 
“ neck,” of a (usually) long chain of “ proglottides ” or joints, which 
form the “body” of the Cestode ; and the entire absence of an 
alimentary tract, both in the larva and adult. As an adaptation 
to the fixed mode of life, the anterior end (head, scolex) is modi- 
fied to form an adhering organ. Various adaptive forms of larvae 
are known. These live in the internal organs of one or more 
intermediate hosts, and are transferred to the final host passively 
during a meal. Lastly, there is the curious metamorphosis by 
which the adult is formed from a portion (scolex) of the larva. 1 

Taenia solium , from man (Fig. 39, B), or Echinobothrium « 
(Fig. 36), from an Elasmobranch fish, is fixed to the mucous lin- 
ing of the intestine of its host by means of a radially-constructed 

1 Cf. p. 5. 
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apparatus of four suckers and a circlet of hooks (Fig. 39), which 
are borne by the “head” or “scolex,” being that part of the 


worm which is directly 
derived from part of the 
larva, and which contains 
the central, commissural 
portion of the nervous 
system. Firm adhesion 
to the host’s intestine is 
necessary, in order to avoid 
the loosening action of the 
peristaltic movements of 
the intestine as the food 
passes along. The heads 
of different Cestodes ex- 
hibit a marvellous variety 
of suckers and hooks, from 
a mere muscular depres- 
sion in Srhistocejthafus, to 
the compound proboscides 
of Tetrarhynchiis 1 2 which 
is found in Elasmobranclis. 
The jointed body, often 
of enormous length (up 
to 20 yards in Bothrio- 
cephal us hit us), is usually 



separated from the head 
by a slender neck, from 


Fig. 36. — Krhiiiohufhn'uin affine from tlie in- 

testine of Torjmlo . x 43. !ni y Head ; hk\ 
hooks ; Jdf lobes of the head ; or f ovary ; p>‘ 


which the proglottides are 
segmented off from behind 


penis ; /m, penis-sheatli ; testes ; uterus ; 
ray, vagina ; yj, yolk-glands. (After 1'iutneiv 4 ) 


forwards, and become more and more individualised as they 


recede farther away from the neck by the intercalation of 
younger joints. Thus in Fig. 36 the mature, distal proglottis 
lias passed through all the stages represented by the other 
segments. The longitudinal muscles, the nerves, and excretory 
vessels which supply the proglottides are continuous throughout 


1 For figures of various scolices see van Bencden, Memoirs sur les vers Intestin- 
aux , 1861 ; Braun in Bronn’s Thierrcich, Cestoda (in progress), Bd. iv. PI. 
xxxviii.-xlv. 

2 Arbeit. Inst. Wien , iii. 1881, p. 163 ; see also ibid . ix. 1890, p. 57. 
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and with those of the head. Each joint contains at first male 
genitalia comparable with those of a Trematode ; then the female 
organs develop, and finally self-fertilisation follows. The Cestodes 
feed through their skin, probably by the aid of fine protoplasmic 
processes, which penetrate the tough investing membrane and 
absorb the already digested food which bathes them. When a 
proglottis of Calliobothrinm is approaching maturity it separates 
from the parent, the broken ends of muscles, nerves, and. excre- 
^-~ sc tory vessels speedily lical, and it is now cap- 
able of continued growth and of fairly active 
movement if it remains in the intestine of 
the host. According to van Beneden, it may 
even attain a size equal to, or exceeding, that 
of the whole parent or “ strobila.” 1 These 
considerations led Leuckart, von Siebold, P. J. 
van Beneden, and others, to Steenstrup’s con- 
*“7° elusion that a jointed tape- worm is really a 
colony composed of two generations — the 
head and neck derived from the larva, and 
the proglottides produced by the segmenta- 
tion of the neck. 2 This view of the colonial 
nature of jointed Cestodes was generally 
FlG# . 7" ^ rchi Q ete8 adopted from 1851 to 1880. During the 

sieboidii [appendi- , J , .. . , . J 

cuiatuj), from the last fifteen years, however, the varied mter- 
coelom of Tnbifw potations of the facts of the ontogeny of this 
app, Persistent larval group have led some authors to adopt the 

appendage ; go, gem- monoz0 otic view (that a Cestode is one illdi- 
tal pore ; til% per- v . . 

sistent larval hooks vidual), others are still of the older opinion, 

sucker* testes'' Hatacliek (LekrbmK, r. 349) and Lang 
yg , yolk-glands, take up intermediate positions. Lang considers 
(After Leuckait.) jj ia j formation of the joints of a tape- 
worm from a small fixed " scolex,” is not only largely comparable 
with the strobilation of a scyphistoma and the consequent forma- 
tion of a pile of medusae, as in the life-history of Aurelia , but 






1 The mature proglottis of Calliobothrinm eschrichti is 8-9 mm. long, whereas 
the strobila only measures 4-5 mm. in length. Species of Phylliobothrium, Antho- 
bothrium , and Tctrarhynchus show a similar but not an equal contrast between 
the size of the parent and proglottis (P. J. van Beneden, “Les Vers Cestoides,” 
Nouv. Mim. de V Acad, Roy . d. Belgique, tom. xxv. 1850). 

2 The difficult question of the nature of the Cestode body and Cestode larvae 
is adequately discussed by Braun, loe. cit. p. 1167. 
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that both processes have arisen from the 
power of regenerating the necessary 
organs in each of the new segments. The 
result in both cases is the rapid forma- 
tion of a number of joints, which gradu- 
ally separate from the parent, to carry 
the eggs and young to new stations. Just 
as some Coelenterata ( Lucernavia ) may be 
regarded as not having advanced much 
beyond a scyphistoma stage, so there are 
uniseginental Cestodes (e.g. Archigetes , 
Fig. 37) which have remained as a 
slightly altered but sexual scolex, directly 
comparable with a Trcmatode, and, as all 
authors are agreed, representing one gene- 
ration only. Such monozootic forms are 
now classed as a special family, the 
Cestodaria or Monozoa, of which Cargo - 
phy Ileus mutabilis, from the intestine of 
various Cyprinoid fish, is the most abund- 
ant representative, while Amphiptyches 
( Gyrocotyle ) urna, from Chimaera mon- 
strosa of the northern hemisphere, is 
paralleled by A . rugosa , found in Callo- 
rhynchus antarcticus of the southern 
seas. 

Occurrence of Cestodes. — The dis- 


A 



vise 



fun see 


tribution of Cestodes and their larvae 
is analogous to that of the digenetic 
Trematodes, although the absence of an 
alimentary canal limits the habitat of the 
mature worms to certain sites, such as the 
blood-vessels, the lymphatic and coelomic 
spaces, and the digestive system, where 
their body may be bathed by a nutritive 
fluid. Almost all groups of Vertebrates 
are attacked by Cestodes. Those of fishes, 
and particularly of Elasmobranchs, are 
distinguished by certain structural and 
developmental features ; those of birds by 


Fkj. 38. — Scolex polymnrphux 
Hud. (larva of < Mliohothrium- 
filicolle Zschokke), from the 
muscles of Apogon , a Medi- 
terranean fish ; also found in 
many Invertebrates (e.g. 
Sepia). A, Inverted scolex, 
with calcareous bodies ; B, 
everted older larva. 6r, 
Brain ; exo 9 terminal excre- 
• tory aperture ;/(% flame-cells ; 
for.8ec 9 secondary excretory 
pores ; Kk % hooks of the adult 
Cestode ; in rag \ pit at the 
bottom of which the head 
is developed ; vise, anterior 
sucker ; nl, lateral nerve ; sc t 
suckers ; tl, tp , lateral and 
niAin excretory vessels. (After 
Monticelli.) 
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others ; those of mammals, by a third set of characters. The 
young stages of the Cestodes of Sharks and Kays occur encysted 
in the body-cavity, or in the pyloric appendages, of Teleosteans, 
which probably swallow them along with those invertebrate 
animals upon which they prey. The larvae of the Cestodes of 
carnivorous mammals or piscivorous birds, live respectively in 
herbivores and fishes, but how the latter are infected we know 
in very few instances. Cestode larvae are known to occur in many 
Invertebrates, and occasionally are taken free swimming in the 
sea, presumably crossing from one host to the next. Cteno- 
phores, Siplionophores, Copepods, Ostracods, Decapods, various 
Molluscs especially Cephalopods, Earthworms, and other Anne- 
lids, are the intermediate hosts of these larvae (see Fig. 38), 
the fate of which, however, has been determined in but few cases. 

Occurrence of Cestodes in Man . 1 — Tape-worms, either in 
the adult or larval stages (bladder -worms), have, from ancient 
times, been known to occur in man, and in the animals that serve 
him as food. Until comparatively recent times, however, the 
true nature of these parasites, and particularly of “ hydatids ” 
(cystic larvae), was unrecognised. Up to the seventeenth 
century the larvae were regarded as abscesses or diseased growths 
of the affected organs, and it was only at the close of that century 
that their animal nature was even suggested. Even at the 
beginning of the nineteenth century, three modes of origin of 
Cestodes — by “ generatio aequivoca ” from the tissues of the body, 
or by the union of previously distinct proglottides, or again by 
metamorphosis of free-living worms drunk with water by cattle 
or birds (as Linnaeus suggested) — were still variously held, at a 
time when Malpighi, Pallas, and Goeze had recognised the true 
connexion between the cystic and segmented states of Taenia 
crassicollis (the cat tape-worm), and when Goeze had seen the 
eggs of Taeniae , and Abildgaard 2 had even conducted the first 
helminthological experiments (conversion of the larval 8c hist o- 
ccphalus , Fig. 40, into the adult form). 

Generally speaking, “ a tape-worm ” in Western Europe will 
prove to be Taenia saginata Goeze (the beef tape-worm. Fig. 39, A), 

1 Leuckart, Die Parasiten d. Mcnsehen [English trans. by W. E. Hoyle] ; 
Blanchard, Traiti dc Zoologic m&licalc, 1893. 

2 For a full account of tho history of this subject see Leuckart, Parasiten d. 
Mcnschcn , p. 28 ; Braun, loc. cit . Bd. iv. p. 929 et scq. ; Huxley, Collected Essays , 
vol. viii. p. 229. 
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exceedingly prevalent also in the East, and indeed cosmopolitan, 
occurring wherever the infected flesh of the ox is eaten in a raw 


or half-cooked state. Its attacks 
are fortunately not usually 
severe. Taenia solium Kud. 
(the pork tape-worm) is found 
wherever the pig is kept as a 
domestic animal, and has con- 
sequently a world-wide distri- 
bution. Its size (6-9 feet long) 
and powers of adhesion would 
alone render r l\ solium a for- 
midable parasite. But the 
danger of its presence in the 
body of man, or in the flesh of 
pigs, lies in the fact that the 
larva or bladder-worm (known 
as Cysticercus cellulosae ) can live 
i n the most varied organs. Th us 
if by accident a mature pro- 
glottis be eaten, the embryos 
escape, bore their way into the 
wall of the stomach, and enter- 
ing the portal vein, may reach 
in time the muscles, the brain, 
the eye, or even the heart itself, 
and attain the cystic condition. 
Even more disastrous may be 
the result, should some ripe 
joints of a mature worm work 
their way from the intestine 
back towards the stomach. 
Should this happen (and though 
it has not been directly proved, 
the possibility is to be reckoned 
with), the result would be the 
release of vast numbers of em- 
bryos capable of inflicting fatal 
injury on the host. An abnor- 



Frn. 39. — A, Taenia mginata Goezo. Nat. 
siz«. (From a specimen in the Cam- 
bridge Museum.) The approximate 
lengths of the portions omitted in the 
drawing are given. At * (after Leuck- 
art) the branched uterus and the longi- 
tudinal and transverse excretory vessels 
are shown. The genital apertures are 
seen as a lateral opening on each of the 
larger proglottides. B, Head (scolex) 
of T. solium Rud. x 12. (After 
Leuckart.) 


inal Cysticercus of this species is probably the Taenia. ( Cysti - 
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cercus) acanthotrias Weinl. (see, however, Lcuekart, loc. cit. p. 

711 ). 

'Taenia ( Hymenolepis ) nana v. Sieb. 1 is found in man in 
Egypt, Italy, England, Servia, Argentine Republic, and the 
United States. Though small (^-1 inch long), its numbers 
usually excite digestive and nervous disorders of considerable 
severity, more serious, indeed, than those caused by the commoner 
tape-worms. If. diminuta Rud. ( flavopunctata Weinl.), normally 
found in Rodents, lias been rarely recorded in man. Taenia 
( THpyiidmm ) caninum L. ( = T. cucumerina Bloch = T. elliptica 
Batsch), the commonest parasite of pet cats and dogs, and T. 
( Davainea ) madagascari e ns is Davaine, have occasionally been 
recorded from infants and young children. But the attacks of 
these species are insignificant in comparison with those of the 
cystic stage ( Ik hi nococcus polym orj)h as) of a tape- worm (T. echino- 
coccus v. Sieb.) which lives when mature in the dog. 

Echinococcus is most frequent in Iceland, where it affects 2 
to 3 per cent of the population, and a still larger proportion of 
sheep ; while in Copenhagen, Northern Germany, some districts 
of Switzerland, and Victoria it is not uncommon, but is frequently 
found during post-mortem examinations when no definite symptoms 
of its presence had been previously noticed. Echinococcus 2 varies 
greatly in size, form, and mode of growth, but is distinguished 
in the formation not of one scolex only, as in the Cysticercns , but 
in the production of a number of vesicles, usually from the inner 
wall. Within these, large numbers of seolices may be developed. 
The whole organism continues to swell by the formation of a watery 
liquid within it, and if its growth be rapid the fluid tension may 
cause the rupture of the enclosing connective -tissue capsule 
formed around the parasite, at the expense of the host, and the 
protrusion of the daughter vesicles. It is the consequent injury 
to the surrounding organs of the host, at this critical stage, often 
only reached after the lapse of several years, that occasions 
serious or even fatal results. Zoologically, Taenia echinococcus 
and T. coenvrus are interesting, since they exhibit an indubit- 

1 By Grussi this form is considered identical with T. murina. The latter 
species is known, from this author’s researches, to develop in rats without migra- 
tion into an intermediate host. Should Grassis synonymy prove correct, the - 
presence of large numbers of this tape- worm in man would readily receive its 
explanation. 

a Leuckurt, loc. cit. p. 752 et $cq . 
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able alternation of asexual generations in the larval state, with 
a sexual adult stage. 

Bothriocc/pli alus lutus Brems., the broad tape-worm, which 
attains a length of 20-30 feet, or even more, occurs in* man 
endemically in the eastern Baltic provinces, certain parts of 
Switzerland, generally throughout Russia (especially near Kasim), 
in North America, and commonly in Japan, — that is, in districts 
where the population partake largely of pike or other fish in a 
raw or partially-cooked state. Elsewhere it occurs sporadically, 
and in Munich, where it was unknown before 1880, its presence 
has been traced to emigrants from infected districts, who settled 
on the shores of the Starenberger Lake, from which Munich was 
supplied with fish. How the pike, the usual but not invariable 
intermediate host, becomes infested (and its musculature is 
frequently riddled with the larvae) we do not accurately know, 
but some Invertebrate, the prey of the pike, is probably the first 
host into which the free-swimming ciliated larva (Fig. 42) finds 
its way. In Greenland, B. cordatus is very common in the dog, 
and probably also in man, though few cases have been recorded. 
B. mansoni Cobb. ( = B. lu/ul aides Leuck.) was, till recently, 
known only in the larval state from China and Japan. Iijima, 
however, lias found older specimens in the latter country. B. 
cristatus I)av. is a species founded somewhat doubtfully on two 
fragments found, one in a child, the other in a man, in France, 
Occurrence of Cestodes in Domestic Animals . 1 — Among 
domestic animals, the dog is, undoubtedly, the most frequently 
attacked by Taeniae. Six species of Taenia (T. serrata , mar- 
tjinata , eoenurus , echinococcus, krabbei , and possibly T. seritdis), 
Bipylidia m caninum (the commonest form), Mesocestoides lineatus, 
and three or four species of Bothriocephalus have been found in 
the dog. The table of life-histories (p. 83) shows that sheep, 
rabbits and other Rodents serve as the intermediate hosts, in 
which the cystic stages of the species of Taenia are found. 
Hence the prevalence of T. serrata in a given locality is con- 
nected with the abundance there of the rabbit and hare, in which 
the larva (Cystic arcus pisiform is) occurs. Both riaceph alus cordatus 
develops from the young stage present in the fish which the 
Icelanders give to their dogs. In Iceland and certain parts of 

1 The distinctive features of these and the foregoing tape-worms are given on 
I>p. 89-90. 
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Australia T. echinococcus infests one-third to one-half the number 
of dogs examined ; a fact connected with the frequency of Echino- 
cocous in man in these countries. * 

In sheep the most noteworthy and dangerous parasite !s 
Coenurus cerebralis (or the cystic stage of the dog-taenia, T. 
coenurus ), which gives rise to the disease known as “ gid ” or 
“ staggers.” It is found in various parts of the brain or spinal 
cord, and the symptoms differ according to the position of the 
parasite. If this presses upon one hemisphere the sheep describes 
circles and finally falls : if on the optic lobes, the eyes are 
affected : if the pressure affects the cerebellum the movements 
of the sheep are uncertain and incoordinated. Four or six 
weeks after the appearance of the symptoms, death results from 
cerebral paralysis, or from general debility, and the loss of sheep 
incurred by this disease (happily less frequent in England than 
formerly) lias been calculated by Youatt at a million for France 
annually ; at 35 per cent of the flocks for England in bad seasons ; 
and about 2 per cent for Germany. Besides sheep, which are 
most subject to “ gid ” during their first year, various ruminants 
— Croat, Ox, Moufflon, Chamois, Roe, Antelope, Reindeer, .Drome- 
dary — are attacked in the same way. A similar form, Coenurus 
scrialis Baill., is common in the wild rabbit in this country, and 
in Australia in the hare and squirrel. It forms large swellings 
in the connective tissue of various parts of the body, but usually 
does not affect the health of the host. It is not known in what 
carnivore Taenia 'scrialis Baill. normally occurs. Experiments 
have, however, shown that it develops rapidly in dogs. 

The preventive measures which are steadily diminishing the 
prevalence of the Cestodc parasites in man in some parts of 
Western Europe cannot be dealt with here, but it may be 
noticed that the Jewish observance with regard to swine is the 
surest preventive measure against taeniasis and trichinosis. 
Careful inspection of meat and general cleanliness, are the lead- 
ing measures that in these hygienic matters secure the greatest 
immunity from disease. 
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Table of the Life-Histories of the. principal Cestodes of 
Man and the Domestic Animals. 


Ccstode. 
Taenia serrata 
Goeze 

T. maryinata 
Ratsch 


{D°g 


r, 


-y Dog, Wolf 

T. my inala Goeze f 

V. medio- \ Man . 

eanellata Kiic.li. ) ( 


Final host. Larva. Intcnneiliate host. 

J Cysficercus pisi- Rabbit, Hare, Mice (liver and 
l Junnis Zed. peritoneum) 

( Cyst. tenuiculUs Monkeys, Ruminants, Ungu- 
\ Rud. lates (in peritoneum) 


T. solium Rud. Man 


T. erassicollis 
Rud. 


Cyst. ho vis Cobb. Ox, Girallc (in muselcs) 
{ Cast. cell ul am e 

I n 

Wcinl.) \ various organs) 

Jilt and other Cast, fasciolar is .f ^ „ . n . . 

Felidae, Stoat Rud. { Rat - Mm,s0 > ,Ut < 1,v «> 


{Cyst. cell ul osar r „ 

I Rud. U & JlauMonlieys Hear, 

I ,, an, thotriaA ,)o «' tttt - l,kl ' k «“*• (,.i 
\ W’eiul.) [ 


T. coenurus Jviieli. Dog, Arctic Fox 


T. serf airs Buill. ?Dog 


I Coenurus 1 
\ brails Rud. 


T. ech i nococcus 
v. Sieb. 


Dog, Dingo, 

Jackal, Wolf 


rY ( Brain «»f Sheep, Ox, Goat, 
f/r ’~! Dromedary, Camel, Ante- 
\ lope, Horse 

1 sc,u, ^ s Rabbit (connective tissue) 

f Echinococcus poly- /Mail, Monkeys, many Car- 
I morph us Dies. I nivores, Rodents, Ungu- 
al (inel. E. uni/ti-K kites, Ruminants, and 

| locnlaris lbuud I 
\ in Man) \ 


Marsupials ; also in Turkey 
and other birds 


Moniezia expansa Sheep, Ox, Goat, / x^nk nown 


etc, 


Thysanosmna fun-A . , ., 

it' it tttt Dies. { >Sllcc l , > ‘•'"rv.dae 

St ilesia t/lohumuc- f 

lata Riv. f Sheep . . 

J,ln),/oer/>)ta!a f „ 
pcrjoliuta Goeze ( 

Dipyliflium can i- 
nttui L. (= j 
Taenia cuciuuc- / Tl ,, . 

ri,m Blocl. =) Man ’ I,0 8’ Ut 
T. elliptica [ 

Batsch) 


l 

Unknown 

Unknown 

Unknown 


{ Cysticereoid larva C 

I (Fig. 43), Cryp- ( Body-cavity of Trichudectes 

\ tocystis tricho- | and Tnlc.c of Dog 
dcctis Vi 11. 


Hymenolcpis 
marina Duj. 


Mouse, Rat 


/ Cercocystis Till. 1 f 

(develops in- Usually 
[ parental host) { 


absent 


If. nana v. Sieb. Man 

If.diminula Rud. C 
( — Taenia fiaxo - { Man, 
punctata Weinl.) ( 


Mouse, Rat 


Unknown 
Cercocystis Vi 11. 


f Meal-moth, Asopia ( Pyralis ) 
- farina Its ; also certain 
( Orthoptera and Colcoptcra 


1 For description of thp Cercocystis - larva see Villot, Ann. Sci. Xat. ( Xool .) (6), xv. 
1883, Art 4 ; and compare Leuckart's criticism of this paper, “ Fara&itcn," p. 979. 
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Cestode. 

Filial host. 

Larva. 

Intermediate host. 

Drcpanidotaen in 
gracilis Zed. 

Duck, Goose, Wild f 
Duck \ 

Cercocystis Vill. | 

The Ostracods Candona ros - 
trata and Cypris comprrssa, 
and also Cyclops viridis 

D. anatiua Krabbe 

Duck . 

.. { 

Cypris incongrucns, anil also 
Perch 

D. setigera Friih. 

Goose . 

>» ji 

Cyclops brevimudat us 

D. inf undibuli - f 

for mis Goeze \ 

Common Fowl 

>» » » 

House-fly 

Dieranotarnia f 

curonula Duj. \ 

Duck . 


Cypris ovum 

Davainra proglut- f 
Una I)av. ( 

Fowl . 

>» n 

? Umax ciucrcus, L. agrestis 

D. rnadagasenri- j 
ensis Dav. \ 

Children 

Unknown 


I). frirdbrrgrri f 

v. Limit. \ 

Pheasant 

Unknown 

? Ants 

Mcsoccst aides line- f 
at us Goeze \ 

Dog . . . 

Unknown 


Bothriocephalus f 
latus B reins. ( 

Man, Dog, ?Cat j 

Pleroccrcoid, i.r. , 
solid, elongate [ 
larva, with no 
bladder ^ 

Probably first enters an Inver- 
tebrate host, which is eaten 
by Pike, Perch, Trout, etc. 


Structure and Development of Cestoda. 1 — Of the unscg- 
mented Cestodes, Curyophyllaeus mutabilw, from the intestine of 
carp and other ( -ypriuoid tislies, is the most easily accessible form. 


Fici. 40.— A, Stickle- 
back (Cost.erosteus 
iicufrutvs) in festei l 
liy an advanced 
larva of Silt into- 
ir phi this solulvs 

Crepl. B, Tin# 
larva. All x H. 
(From specimens 
in the Cambridge 
University Mu- 
seum. ) 

B 

Triaenophorus nodulosus , which is very useful for the study of the 
excretory system, occurs mature in the pike. In the body -cavity of 
the Stickleback(Fig. 40) a large, broad, yellow worm may sometimes 

1 Moniez, “Sur les Cysticerques,” Paris, 18S0 ; Id. “Sur les Cestodes,” 1881 ; 
Zschokke, “ Recherclies sur ia structure anatomique et liistologiqiie d. Cestodes,” 
Geneve, 1888. 
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be found, the larva of Schistoccphalus solidus Crepl., which occurs 
in the intestine of Terns, Storks, Mergansers, and other birds. 
Species of Lignin are found in the same birds. The intestine 
of a Lophius or Cycloptcrus (“ lump- fish ”) contains, usually, 
the early and intermediate stages of various Cestodes, while 
the alimentary canal of Elasmobranclis often contain many 
peculiar Tetrarliynchidae and other forms. For the study 
of development, the Taenia anatina from the duck may be 
used. The ripe proglottides are collected, and the eggs placed 
with Cypris arum in an aquarium, with the proliability that 
some of the embryos will enter the Ostracod, and the peculiar 
Oysticercoid maybe bred. 1 Cystierreus pisiform is and Coenurns 
serialis , which occur commonly in rabbits, are also suitable 
objects for examination. 

A Cestode such as Evhi no hot hr i tt m (Fig. .*>6) is divisible 
into head and proglottides. Moniez has suggested that the 
head is really the morphologically hinder end of the body, in 
which case the formation of proglottides would closely resemble 
the mode of segmentation of an Annelid larva. The close 
similarity, however, between the Cysticercoid larva (Fig. 4fl, F) 
and the Cerearia of a liver-fluke, seems to show that the anterior 
end is the same in both cases, and since it bears the central part 
of the nervous system, we. may reasonably call it the “ head.” 
Moreover the hinder end of a Flatyhelminth usually possesses 
the chief excretory pore. Another difficulty is the determina- 
tion of dorsal and ventral surfaces. Authors are. agreed, — on 
the analogy of Trematodes, in which the testes are usually dorsal 
and the ovaries ventral, — that the dorsal and ventral aspects of a 
CVstode are determined by the position of these organs, although 
the often radially formed “head,” the lateral or superficial posi- 
tion of the genital apertures, and the variability of these features, 
render it a matter of considerable doubt whether “dorsal” and 
“ ventral ” are more than useful conventional terms. The 
suckers and hooks are borne on a muscular cap, the “ rostellum,” 
which is only slightly developed in the Jeli thy o taeniae. The 

body is solid, and is divisible into an outer muscular coat — 
enveloped in a (possibly epidermal) investing membrane — and 
an inner parenchymatous tissue containing the chief part of the 
excretory, nervous, and reproductive systems. One or two pairs 
1 Schmidt, Archivf. Xaturgcschichtc , Jahrg. lx. Bd. 1, 1894, ]>. 65. 
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of longitudinal excretory vessels are present, usually connected by 
transverse ducts and opening by a single terminal pore. Occa- 
sionally a regularly paired arrangement of lateral or secondary 
pores is present (Figs. 38 and 4 1 , for. sec). Flame-cells occur at 
the end of the fine tubules (Fig. 38), and the whole system is 
well developed, but may undergo degenerative changes in the 
older proglottides. The central nervous system varies according 
to the degree of differentiation of the rostellum ; and, owing to 
the difliculty of staining the nerves and the contradictory state- 
ments of authors, we do not yet possess a fully reliable account 
of the nervous system even of the commoner Taeniae. Free 
nerve endings and other sensory terminations have been recently 



Fig. 4 1 . — Diagram in nt ic transverse section of Rclntfowphnlvs ttnlidvs Orcpl. , from the 
Wil<l-<luek, illustrative of the Cestodes with uterine aperture ( ?/■/»*). x 1*2. rs. 
Cirrus-sac ; for. s?c, one of the paired lateral openings of the excretory vessels ; hi, 
longitudinal nerve ; ov , ovary ; ovd, oviduct ; par.m , parenchymatous muscles ; 
r.sem, reeeptaculum scminis ; *//.///, sliell-gland ; tr, testes ; vt, uterus ; vfu, uterine 
pore; vmj, vagina; rtf, vasa deferentia ; yd, yolk-duet; yy, yolk-glands (black); 
d, male, 9, female .geuital aperture. (After Riehm.) 


stated to exist in the cuticle of Ccstodes and Trematodes. If 
true, this would tend to show that the parasitic mode of life of 
these animals demands a complex nervous system comparable 
with that of the Turbellaria. 

The reproductive organs, unlike the preceding systems, are 
discontinuous from one proglottis to the next. The male and 
female organs and their mutual connexions, especially in the 
nnsegmented Cestodes, may be compared in detail with those 
of Trematodes, but the difference between the arrangement of the 
generative organs of various Cestodes is very great. 1 The penis 
(Fig. 41, es) is evaginated through the male pore (Fig. 41, <?), 
and inserted far into the vagina ( $ , rag) of the same or another 

1 For example, the genitalia in Dipt/Ndium caninum are duplicated in each 
proglottis. Other differences are noted in the following table (pp. 89-90). 
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segment of the tape-worm. From this fact and the anatomical 
relations of the vagina, it is becoming increasingly probable that 
the so-called uterus of Trematodes is an organ corresponding to 
the vagina of Cestodes, and not to the uterus of Cestodes. The 
latter opens to the exterior in Sch istoceph al us, Bothriocephalus, 
and some other Cestodes of fishes by a special pore (Fig. 41, 
uto). Through this, some of the eggs (which in these genera 
give rise to ciliated larvae) are enabled to escape, and need not 
wait for the detachment of the proglottis, as must happen in the 
Taeniidue, where the uterus is closed. This uterus, a true physio- 
logical one, is probably the homologue of the “canal of Laurer ” 
(“ Laurer-Stieda canal,” or “ vagina ”) of Treiuatoda. The fertilised 




Fid. 42. — A, Free-swimming, six-liooked liirva of Rmthriaerphn.lv* latus Brcms. (the 
broad tape -worm of Man), still enclosed in a ciliated (possibly cellular) double 
membrane or mantle. In this condition it may continue to live in water for a week 
or more, but eventually throws off its ciliated coat (as in B) and commences to 
creep about vigorously by the aid of its hooks, in search of its first host, which is at 
present unknown. (After Scliauinsland.) x 600. 

ovum and yolk are brought together into the " ootype,” where 
the shell-gland forms the egg-shell around them (Fig. 41, sh.gl), 
and the egg is then passed into the uterus. The ovum segments 
to form a minute six-hooked larva, which may (IJothriidae, Fig. 42) 
or may not (Taeniidae) be ciliated. Thus in Taenia servo ta the 
proglottides are shed with the faeces of the host (dog), and they 
protect the young from the desiccating influence of the surround- 
ings. If inadvertently eaten by a rabbit along with herbs, the 
proglottis and larval envelope are digested, and by its six hooks 
the tiny larva bores through the gastric wall into the portal vein, 
and so into the liver. Here the hooks are thrown off, and the 
solid mass of cells becomes vacuolated. At one pole an iuvagi- 




Fio. 43. — Stages in the de- 
velopment of lJipytidiunv 
caninnm L. ( = Taenia 
elliptica Bat sell, T. cucn- 
merina Bloch), the com- 
monest of the Dog-Taeniae ; 
compare Fig. 44. A, 
Six - hooked larva (now 
often spoken of as an 
“ One liosphaera ”); B, 
larva elongating ; forma- 
tion of a central lacuna ; 

C, larva further advanced ; 

D, distinction between 
body and tail is visible ; 

E, invagination of the 
rostellum is commencing ; 

F, Cysticercoid larva with 
four suckers, invaginated 
rostellum, .and excretory 
vessels, c, Culcareous con- 
cretions in cells of the 
larva ; ee. o, excretory 
aperture ; ex. r, excretory 
vessels ; inv, invagination 
commencing ; rost, rostel- 
1 u m ; sc, suckers. (After 
(irassi and Rovelli; highly 
magnified.) 




as in most Taeniae, before it. B, Invagination commencing; 
above the rostellum, while beneath it the nervous system 
invagination has now carried the suckers inwards. The tail 
the whole larva at this stage is known as a Cysticercoid. 
mouth of the invagination ; w, central nervous system ; rost, 
suckers, of which ouly two can be seen in a longitudinal 
present. (After Grassi and Rovelli.) 


Fig. 44. — Schematic longi- 
tudinal sections 
through the larvae of 
Dipylidiutn can inutn 
L. All these stages 
arc passed in the 
body - cavity of the 
Dog- flea ( l*ulex terra- 
ticeps), (Compare Fig. 
43 for further details.) 
A, Six - hooked larva 
with developing rostel- 
lum (shaded) and 
suckers (black). In 
this species the invagi- 
nation (C, invag.) occurs 
after the formation of 
these organs, and not, 
the hooks are developing 
(dotted) is seen. C, The 
has become distinct, and 
hk, Larval hooks ; invag , 
rostellum and hooks ; sc, 
section ; four are really 
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nation occurs, at the bottom of which the rostellum, suckers, 
ami hooks are gradually formed, but inside out as compared with 
the head of the Taenia scrrata . At this stage the larva (Cys- 
twcreus jnsiformis) lias usually issued from the liver and attached 
itself to the omentum. The invagination projects into the cavity 
of the bladder, within which a watery fluid accumulates. Tims 
the “ bladder worm ” is formed, the head of which is evaginated 
if the larva be introduced into the digestive system of a dog. The 
bladder and neck of invagination are digested, while the head, 
protected by these, remains, and forms the neck, from which the 
proglottides are afterwards segmented off. In Taenia ( Hy/ncno - 
lepis) murina the whole development may take place in the 
parental host, the larva living in the villi, the adults in the 
cavity of the same rat’s intestine ((Jrassi). The different forms 
of Cestode larvae depend largely upon the presence and degree of 
development of the caudal vesicle or bladder, which in Seal ex 
•poly morph us (Fig. .*>8) (the young stage of ('alliobothritun JilieoUc 
Zsch.) is practically absent, if the bladder be small, the larva 
is known as a ( ’ystieereoid. For example, the common JJipylid i um 
eanimun , which lives in the dog, has such a larva, the develop- 
ment of which is explained and illustrated by Figs. 4.4 and 
44. 'flic bladder becomes exceeding capacious in Cocnurus and 
Echinococcus . 


Table for the Discrimination of the more usual Cestodes 
of Man and Domestic Animals . 1 


I. Scolex in most cases with hooks ; uterus with a median and Lateral 
branches ; yolk-glands simple, median ; genital pore single ; dorsal 
excretory vessel narrower than the ventral, without a circular com- 
missural trunk ; eggs without pyriform apparatus (processes of the 
ovarian membrane) . . . <»en. Taenia L. (s. str.) 

A. Genital ducts pass on the ventral side of the nerve and of the two 

longitudinal excretory vessels . . T. cmssicollu Rud. 

B. Genital ducts pass between the dorsal and ventral longitudinal vessels. 

a. Nerve present on dorsal side of genital ducts. 

a. Head armed . . . . . T. solium Rud. 

/?. Head unarmed . . T. sayinata Goeze. 

b. Nerve on ventral side of genital ducts. 


1 See Stiles, Centralbl. /. Baht . n. Barasilenkundc , 1893, xiii. p. 457 (conf. 
note, p. 90). 
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Dou-Takniak 1 

/Single 


Head armed 
genital pore 
m arg i n a 1 
and 


•I 


Many proglottides ; 
strohila several 
centimetres long; 
small hooks with 
guard. 


Bifid hooks, 
which are 


Entire large 
hooks, which 
are 


a few mm. long . 


f 230/4-260/4 long 2 ; genital 
pore very distinct 

T. ser rata Goeze. 

136ft—157/A long ; genital 
pore not very salient 

T. serittlis Ball. 

180/4-220/4 long ; length of 
mature segments double 
their width 

T. wuryinata Bat sell. 

1 50/4- 170/4 long ; length of 
mature segments treble 
their width 

T. cor mints Kiioli. 
T. echinococcus v. Sieb. 
Dipylidhnn can inn m L. 

Mesocentoidcs liucutvs (Joeze. 


\ 3-4 segments 
Double and bilateral 

Head unarmed ; two genital pores on ventral siirl'ar 

II. Scolcx without hooks ; one or two transverse uteri present ; one or two 
genital pores and yolk-glands, the latter never median ; genital duets 
■pass on the dorsal side of the nerve ; eggs with pyriform apparatus. 
A. One transverse uterus present. 

«. Uterus with Initiate egg-sacs ; pyriform apparatus without horns ; 
genital ducts between dorsal and ventral vessels 

Thykaxosoma Dies. 

a. Head large (1 *5 mm.) ; square lobed testes in median field ; 
posterior margin of segments fimbriated ; genital pore double 

T. f m hria ta I) i us. 

ft. Head small ; no fimbriae ; pore rarely double . T. gutrdii Riv. 
Uterus without saccular dilatations ; segments short, thick, and 
slightly imbricate . . Anoplockpiiala E. Blanch. 

( -it i , ( No posterior lobes A. plica ta Zed. 

' ° l r our posterior lobes A. perfohata (loc/.e 

( (3. Head small, without posterior lobes A. vmmillana Meld. 
Two uteri and' two genital pores }>resent ; horns of pyriform apparatus 
well developed ; genital ducts pass on the dorsal side of the longi- 
tudinal vessels .... Moniezly R. Bl. 

а. Interproglottidal glands 3 arranged in linear series ( planissima 

group) . . M. plants sima S. and H. 

AT. benedeni Mz. AT. neumani Mz. 

б. Interproglottidal glands saccular (expat isa group) M. expansa Rud. 
AT. oblongiceps S. and H. AT. trigonopliora S. and H. 

c. Interproglottidal glands absent 

,, . . , . . f AT. denticulata Rud. 

(fte„tunl,,ta group) j M (|/fc( p err 

Uterus single or double, without spore-like egg-sacs ; eggs with a 
single shell ; genital pores irregularly alternate ; strohila narrow ; 
testes absent from median part of the field . Stilesia Raill. 


Ik 

Horse- 

Taeniae. 

B. 


0 


1 Taken from Neumann, Parasites of Domesticated Animals , 1892, p. 448. 

2 — millimetre. 

3 For a description of these glands, and for further diagnostic details and litera- 
ture, see Stiles and Hassall, U. 8. Department of Agriculture , Bureau of Animal 
Industry , Bulletin 4, 1893. 
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a. A transverse uterus in middle part of median field ; head 2 nun. 

diameter .... S. centnpnnctata Kiv. 
ft. Two lateral uteri in each segment ; head less than 1 nun. in 
diameter . . . 8. ylobipunctata Riv. 

III. Scolex almost invariably provided with hooks ; genital pores on left 

border of segment ; eggs with three shells but no cornua. Segments 
broader than long ; posterior angles salient. Hymenolepis Weinl. 
a. Seolex with a single series of 24-30 hooks, each 14-18 /a long 

H. nana v. Siel). H '. marina Duj. 
ft. Scolex very small, unarmed . . H. diminuta Rud. 

IV. Scolex provided with two elongated muscular pits. Body segmented ; 

three genital apertures in middle of ventral surface 

13c >T H R IOC K PIT W.V 8 Rll d . 
Body 2-20 metres in length . 11. hit us Bivins. B. rristatns l.)uv. 
(douhtful species}. B. conhitus Leuck. B. nianmmi Cobb. 

( — 11. liguloides Leuck.) 


Classification of Cestodes. — The following- classification, 
which, so far as the Taeniiilae are concerned, follows that 
employed by Uailliet, Blanchard, and most recent writers, in- 
cludes only a few representative genera : 

1. Fam. Cestodariidak Mont (Monozoa Lang). 

(Jen. Caryophyllaeus 9 Arrhigdn s*, Cyrocntylr, Amphibian. 

2. Fam. Bothkiooephalidak. 

Sub-Fam. 1. Bothriocephalinae. Gen. Bothrinrephalua, SrhiAorephalus, 
Triaenophorus ( — Trivmpidaria). 

Sub-Fam. 2. Ligulinae. den. Ligula. 

Sub-Fam. 3. Solenophorinae. Gen. Sol am) thorns, Pnflrinsia. 
Sub-Fam. 4. Diphyllinae. den. Echinubothrium. 

3. Fam. Tetrarhyxchipak. 

Gen. Tetro rhynchm. 

4. Fam. Tetraphyllidae. 

Sub-Fam. 1 . Phyllobothrinae. den. I'lnjHohothriuw, Erheneibothnuw , 
etc. 

Sub-Fam. 2. Phyllacanthinae. Gen. Call wbothr him, Anthobothriuw , 
etc. 

5. Fam. Takxiidae. 

Sub-Fam. 1. Cystotaeninae. den. Taenia s. str. 

Sub-Fam. 2. Anoploeephalinae. Gen. Moniezia , Thymnosoma, Stilesia , 
Anoplocephala. 

Sub-Fain. 3. Cystoidotaeninae. Oen. Dipylidiuw , Hymnwlejris , Drep- 
anidotaenia , Dicranotaenia , Echinocotylc , Davainm. 

Sub-Fam. 4. Mesocestoidinae. Gen. Mesocestoides , IHthyridrum. 
Sub-Fam. 5. Ichthyotaeninae. Gen. Ichthyotaenia , (Jorallobothnum. 
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MESOZOA 

DICYEM1DAE STRUCTURE REPRODUCTION OCCURRENCE : 

ORTHONECT1DAE OCCURRENCE STRUCTURE : TR1CIIOPLAX : 

SAMNELLA. 


Tjie Mesozoa are an obscure group, the position of which in the 

animal kingdom is still doubtful. The 
name Mesozoa was given to the group by 
its discoverer, E. van Beneden , 1 as he 
concluded that they were intermediate 
between the Protozoa and the higher 
Invertebrates. Recent authors, however, 
have called attention to the resemblance 
existing between them and the “ sporo- 
cysts ” of Trematodes, and though we 
still are ignorant of certain important 
points in their life-histories, the Mesozoa 
are most conveniently (and probably 
rightly) considered as an appendix to the 
Platyhelminthes. 

The animals composing this group are 
minute and parasitic, and are composed 

Fio.45.--A, B, C, Stages in the () f a small number of cells. They maybe 
development of the venm */ */ 

form larva in hici/ema ti/pus divided into two families: the Dicyemidae , 

Beueden.) SriRuStt?" which occur exclusively iii the kidneys 
germinal cell ; «, nucleus of certain Cephalopods (cuttle-fish) ; and 
of endoderiutti ceil. the Q r i] lonec n^ ae ^ which live in the brittle- 

star Amphiura squamatn, the Nemertine Nemertes lacteus , or the 
1 Ed. van Beneden, Bull, Acad , Boy, Belgique , 1876, p. 35. 
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Polyclad Leptoplana tremellaris . In addition to the undoubted 


Mesozoa, certain anoma- 
lous forms — Trichoplax 
adliaercns and Sal in el la 
salve — may be referred 
to this group. 

Dicyemidae. — If the 
kidney of El n lone vws- 
rlt a f a, a Cej >1 1 alo] x >d 
common on our south- 
western shores, be opened, 
a nui i iber of fi lie , yellow i sh , 
luiir-like filaments may 
l.»e seen attached at one 
end to its inner surface, 
floating in the fluid con- 
tained in the renal cavity. 
These may be Dieye- 
mennea, el e done s Wag., 
alt hong] 1 another fi >ri i i , 
I) i cy e m a m o s r h a t a m 
Whit., also occurs in the 
same host. D. eledones 
(Fig. 40) is 7 to 9 mm. 
long, transparent, ami is 
composed of one large 
inner cell with a simple 
nucleus (Fig. 40, n.end), 
and of an outer layer of 
ciliated cells, nine of 
which form the “ cal- 
otte ” or pole by which 
the animal is attached. 
Within the former (en- 
dodermal) cell the for- 
mation of urn -shaped 
“ infusorifonn embryos ” 
takes place (B and C), 



Ficj. 46. — Dinjemen nsa el ed ones Wag., from tlie 
kidney of Ktetlune wnsrhata. A, Full-grown 
Ithombogen with infusoriform embryos (nub ) ; B, 
one of the latter developing ; C, fully formed ; 
D, calotte, composed of the upper nine cells 
shown in the Hgtire. (After Ed. van Beneden and 
Whitman.) nab, Infusoriform embryo ; </, part of 
endoderm-cell where formation of these embryos is 
rapidly proceeding ; i i.eri, nucleus of ectoderm - 
ceil ; n.end, nucleus of endoderm-cell ; p, “calotte.’* 


the fate of which is not known, but they are possibly the males. 


The individual which produces these larvae is called a “ Rhom- 
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bogen.” Other individuals which produce a more elongated 
larva (“vermiform larva,” Fig. 45) are called “ Neniatogens,” 
and Whitman has described a third kind, which produce first in- 
fusoriforin, and then vermiform, larvae (Secondary Nematogerifc). 1 

The occurrence of the known species of Dicyetnids (a group 


which has not been investigated 

Species. 

Dicyema typm van Ben. 

T.K clausianum van Ben. 

IK microcephalum Whit. 

1). moscliatum Whit. 

IK macrocephalnm van Beil. . 

IK truncatum Whit. 

I). schuU'danum van Ben. 

Dicycmennea elnlones Wag 

IK miilleri Clap. . 

IK <frn rile Wag 

Conocyema pulyinorphum van Ben 


on our coasts) is as follows : — 

Host. 

Octopus vulgaris. 

. . 0. macropus . 

0. de Filip pi. 

Elcdone mosvhata. 

Sepiola rondeletii. 

I liossia macrosoma , Sepia 
* \ elegans , S. officinalis . 

. . S. bisc rails , Octopus vulgaris. 

f Elcdone moschata , E. aldro - 
' } vandi. 

K. cirrosa. 

. . Sepia officinalis . 

. . S. ojficinaiis , Octopus vulgaris. 


Orthonectida 2 — Two species of Orthonectids are fairly well 
known, ffliopalura yiardii Metsclin. from Amphittra squamata, 
and It. intoshii Metschn. from Ncmcrtcs lac teas. The latter appears 
to be very rare, the former occurring in 2 to 5 per cent of the 
number of hosts examined. The parasites occur in a granular 
“ plasmodium,” the nature of which is uncertain. Metsehnikoff 
regards it as formed by the Orthonectids, and lie considers that 
the cellular envelope, by which it is sometimes enclosed, is 
developed from the neighbouring tissue of the host. These 
granular, sometimes nucleated, plasmodial masses, which can 
perforin active amoeboid movements in sea-water, occur attached 
to the ventral part of the body-cavity of Amphiura, and between 
the gut-branches and body-wall in Ncmcrtcs. Should these hosts 
be infected by great numbers of the Orthonectids, their sexual 
organs degenerate (as is the case with pond-snails attacked by 
sporocysts 3 ), and it is possible that the remains of these organs 
may constitute the “ plasrnodia ” (Braun). 

1 Whitman, MUtheil. Zool. Stat. Xcapel , Bd. iv. ; see also Braun, in Bronn’s 
Thicrrcichf Bd. iv. p. 253. 

2 Braun, luc. cit. p. 281 (with literature). 

3 Giard, “ La Castration parasitaire,” Bull. Sci. d. France ct de Belgique , 3 «er. 
i. 1888, p. 12. 
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Rhopalura giardii is of distinct sexes. Either males or 
females are found in one Am phi uni. Two kinds of females, 
'flattened unsegmented, and cylindrical segmented forms, are 
known. They consist of a ciliated ectodermal layer enclosing an 
endoderinal mass of eggs, between which is a fibrillar layer 
usually considered to be of a muscular nature. The cylindrical 
female gives rise to eggs which develop, probably exclusively, into 



s. 47. ~ lifin/Htftmr 
i/iimh'i Mirtsi'lin. 
(from tin* brittle-star 
. I injtlt i it ra ,st/ it a . 

mu fit). «$, Full - 
grown male ( x 800) ; 

9., flattened form 
of female ( x 510) ; 

9.. , cylindrical 
female ( x 510). 
(After Julin.) 


9s 


9 . 


males. The flattened female produces eggs from which females alone 
arise, though the origin of the two forms of this sex is not well 
ascertained. The males contain spermatozoa which fertilise, the 
eggs of the cylindrical female, whereas the ova of the flat form 
probably develop parthenogenetieally. 

Trichoplax . 1 — This anomalous animal has only been found 
in aquaria, originally in the marine aquarium at Graz by 
1 Schulze, Abh . Akad. Berlin, 1891, p. 1. 
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Schulze. It has the appearance of a large, flattened, ciliated 
Amoeba (l'5-3 mm. in diameter), but is distinguished by its 
structure. The upper surface is composed of a flattened epithe- 
lium. The lower surface is made up of cylindrical ciliated cells, 
which pass imperceptibly into the branched cells, embedded in 
a hyaline matrix, which compose the middle layer of the body. 
No distinct organs, and beyond simple fission, no mode of repro- 
duction, have been observed. One species, T. adhaerens, is known, 
but has never been met with in a free state. 

Salinella. 1 — This is another aquarium - animal, found by 
Frenzel in the Argentine, in an artificial saline solution with 
which he filled some aquaria. It measures '2 mm. in length, 
and has a somewhat flattened, barrel -shaped appearance. A 
single layer of ciliated cells bounds a central cavity opening at 
each end. Fission, and conjugation followed by eucystment, 
have been observed. One form, S. salve, is known from salines 
taken from Cordova. 

1 Arch. Natvrg. lviii. 1891, p. 66. 
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CHAPTER V 


NEMERTINEA 

INTRODUCTORY EXTERNAL CHARACTERS ANATOMY CLASSIFICA- 
TION DEVELOPMENT HABITS REGENERATION BREEDING 

GEOGRAPHICAL DISTRIBUTION LAND, FRESH-WATER, AND 

PARASITIC FORMS AFFINITIES 

The Nemertinea form a compact group, the affinities of which 
have, not been at present clearly determined. Several species 
were mentioned and described in the works of various naturalists 
during the latter half of the eighteenth century, though their 
anatomy was not understood until considerably later. The first 
mention of any member of the group was made by the Itev. W. 
Borlase in his Natural History of Cornwall , published in 1758. 
He gives a short description and a rough figure of linens 
marinus . From that time the increase in the knowledge of the 
group was very gradual. New species were from time to time 
described, but few of the descriptions could boast of much com- 
pleteness, and many erroneous views were held until compara- 
tively recent years. The group was very variously classified, but 
the general arrangement in early times seems to have been to 
unite it with the Planarians. Valuable contributions to the 
history of the development were made in 1848 and the few 
subsequent years by Desor, 1 Gegenbaur, 2 Krohn, 3 and Leuckart 
and Pagenstecher 4 ; and more recently by Metschnikoff 0 and 
Salensky. 6 

1 P. Boston Soc . vol. vi. 1848. 

2 Zeitschr . wiss. Zool . B<L v. 1854, p. 344. 

3 Arch. Anat. 1858, p. 289. 4 Tbiii. 1858, p. 558. 

5 Mem. Ac. St. Petersb . ser. vii. tom. xiv. 1869. 

6 Zeitschr. wiss. Zool. Bd. xliii. 1886, p. 481. 
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Nemertines for the most part closely resemble one another in 
all essential points, though they differ considerably in size, 
colour, and external details. They vary in length from less 
than an inch to thirty yards, this 
extreme size being attained by 
Linens marinas. 

Nemertines are common on the 
British coasts ; about forty species 
have been recorded from this area. 

On turning over a stone on a sandy 
or muddy shore in a pool left by 
the receding tide, 
there may often 
be seen a coiled 
mass, 1 laving the 
appearance of a 
uniform slimy 
string twisted 
into a compli- 
cated knot. If 
it be carefully 
removed, the 
ends can gener- 
ally be made 

F VJ mSL,u,. o«. 

living specimen in rounded aild the 

the coiled condition. nl .i r ulicrhHv 
Plymouth, x 1. - 0tUel Sllglltl) 

by tapering (Fig- 
48, a and ?>). Oc- 
casionally there may be seen attached 
to the blunter end a fine thread, 
which moves about freely. This 
thread may, by an instantaneous 
movement, be drawn into the body. 



Anterior end ; 
posterior eml. 


no trace of its existence being left 



Fits. 49. — L. mar inns, from the same 
specimen as Fig. 48, in the 
expanded condition, tt, Anterior # 
end ; b, posterior end. 


except at the tip of the head, 
where a small pore is visible ; this 
is the orifice through which it was 
withdrawn. Shortly afterwards the thread may be again shot 
out, the process being instantaneous and often accomplished with 
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great force. This thread (Fig. 50, p) is the proboscis, a very 
important and characteristic organ in Nemertines. 

Most Nemertines are marine ; they are f ,p 

mostly indifferent to climate and to the 
nature of the soil on which they live. 'A 

A few forms live on land (e.g. Tetva - If § i 
stemma agricola / Gconcmcrtcs p<d amain? ^ f / 

aiid G . chalicophora 1 2 3 ) or in fresh water (gi) / J 

(e.g. TctraMemma aquarum dulcium 4 and 1L / | 

T. tacustre 5 6 ) in various parts of the globe. 1 / 

There are also parasitic forms ; the best *=4 / 

known of wliich is Malacobdclla ? A l 

pelagic form, Pclagonemertes , 7 has been ! 4# 

described by Moseley. I Y 

External Characters. — A typical 
Nemertine possesses an elongated worm- Flo> ? 0 ;7” Si l? e v , l< T of A e r Ad 

a © of Cerebratu l us [Mi- 

like body (Fig. 49), which is usually mmt)tnstis Hui>r.,show- 
tlirowu into mu, .cron. clo» .oil, (Fig. 

48). In section it may be either round from a spirit specimen, c.s , 
or more or less flattened, witli the lateral ],, U proboaci,s! ’ wi> ,,l0lltl1 » 
edges in some cases quite tliin and almost 

fin-like. One or two broad, flattened, and leaf-shaped forms are 
known, but such a condition is exceptional, and the forms in 
which it occurs have probably assumed it owing to the adoption 
of special modes of life. 

In the ordinary forms the posterior end of the body is pointed 
either bluntly or sharply. The head is somewhat broader than 
the rest of the body, and often assumes a spatulate form. Eyes 
(Fig. 51, c) arc usually present either in one or several pairs, or 
in symmetrically-arranged groups on each side of the head. The 
mouth (Fig. 58, ?/<) is situated near the front end of the body 
on the ventral surface, and is usually rendered conspicuous by 
being surrounded by thick tumid lips. It varies in form from 
being slit-like to elliptical. At the anterior end of the body a 


1 R. von Willemoes-Suhm, Ann. Xat. Hist . ser. iv. xiii. 1874, p. 409. 

2 Semper, Zcitschr. wiss . Zool. 13d. xiii. 1863, p. 658. 

3 L. von Graff, Morphol. Jahrb. 13d. v. 1879, p. 430. 

4 W. A. Silliman, Zcitschr, wiss, Zool. Bd. xli. 1885, p. 48. 

5 du Plessis, Zool. Anz\v6\. xv. 1892, p. 64. 

6 .1. von Kennel, Arb. Inst. Wurzburg , Bd. iv. 1877-78, p. 305. 

7 H. N. Moseley, Ann. Xat. Hist. ser. iv. vol. xv. 1875, p. 165. 
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Fia. 51. — Amphi- 
porus lacti - 

fiortus Johnst., 
drawn from the 


small terminal pore occurs ; this is the external 
opening of the proboscis (Fig. 51, p.p). 

Nemertines are often very diversely and 
brilliantly coloured, the hues most commonly 
found being white, yellow, green, .deep purple, and 
various shades of red and pink. The ventral sur- 
face is usually paler in colour than the dorsal, 
and the latter is often marked by longitudinal and 
transverse stripes (Fig. 59) in contrasting colours. 

The whole animal is enveloped in a layer of 
mucus, which sometimes becomes hardened to 
form a tube, and this may be still further 
strengthened by an admixture of particles of 
sand or earth. 

The body is capable to a great extent of con- 
traction and extension, a Nemertine many inches 
long being apt, when irritated or alarmed, to 
contract itself to the length of not more than 
half an inch. Hence, unless the animal is kept 
and carefully watched, a very erroneous idea may 
be conceived as to its size. 

Anatomy. — The body-wall consists of several 
layers (Fig. 52), which in a typical highly- 
developed Nemertine are as follows : — 

1. An external epidermic layer (fp), consist- 
ing of ciliated cells, among which are placed 
numerous unicellular glands. These glands pro- 
bably secrete the mucus in which the Nemertine 
is usually enveloped ; their contents when in the 
body are very highly refracting. The epidermis 
rests on a basement membrane (b.m). 

2. The two or three muscular layers, arranged 


hvmg specimen, as either an external circular and an internal 
from the dorsal . . . . . 

surface. Ply- longitudinal, or an inner and an outer circular 


mouth. x 2. 
e, Eyes ; <7, gen- 
erative organs ; 


separated by a longitudinal layer, or, as in the 
figure (c.m and l.rti), two longitudinal separated 


n :?> “ erve gan ~ by a circular layer. 

glion ; p.p, pro- J * 

boscis pore; p % 3. A fairly thick connective-tissue layer often 
proboscis. found between the epidermis and the muscles, into 


which latter it gradually merges ( s.t ). 
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The Digestive System— The mouth is placed on the ventral 
surface near the anterior end of the body (Figs. 53, 58, m). 
It leads into a straight oesophagus (Fig. 53, oes), whence passes 
off the intestine (int), which is continued as a straight 
non -convoluted tube to the anus ( a ), situated terminally at 
the posterior end of the body. The intestine is thrown out 
throughout the greater part of its course into paired lateral 
pouches. 

The alimentary canal is lined throughout by a ciliated 



Fig. 52. — Diagrammatic transverse section of a Nemertine (Scliizoneinertea) through 
the middle region of the body. b.w 9 Basement membrane ; c.m , circular muscle 
layer ; d.b, dorsal blood-vessel ; ejt, epidermis ; y, generative organs ; int, intestine ; 
l.b , lateral blood-vessel ; l,m, longitudinal muscle layers ; n.c, lateral nerve-cord ; 
n.l, nerve plexus ; p 9 proboscis ; p.s, proboscis sheath ; s.t } subcutaneous layer. 


epithelium. The oesophagus lias, in addition to this layer, an 
outer thick coat of large granular cells, which probably have a 
glandular function. 

Proboscis. — The most characteristic organ of the Nemertines is 
the proboscis (Figs. 50, 53, 54). For many years its disposition 
and function were misunderstood, and it was supposed to be a 
portion of the digestive system. The proboscis, which lies dorsal 
to the alimentary canal, opens at the extreme anterior end of 
the body by a small pore (Figs. 51, 53, 58). When retracted it is 
sometimes considerably folded, and lies in a long pouch or sheath. 
To the walls of this sheath it is attached round its anterior 
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end ; and strong muscles unite its pos- 
terior extremity to the sheath a short 
distance from the posterior end of the 
latter. 

The proboscis seems to be exclusively 
a tactile and protective and defensive 
organ, for which functions it is emi- 
nently fitted by the great ease and 
rapidity with which it is everted or 
thrust out from the body. It consists 
of two distinct regions (Fig. 54, g.p 
and rap). In the retracted state the 
anterior part is a hollow tube with 
very thick muscular walls made up of 
several layers. At the base of this part 
in many of the Nemertines there is 
situated a sharp-pointed spine project- 


-8 U ^ ing forward into the lumen, and several 

JjoJ smaller stylets situated in a pair of 

1 1 vesicles close to the base of the central 

| “ 2 spine. The position of the spines in 

the everted proboscis is shown in Fig. 

Jj f 2, 5 7. The posterior part of the pro- 

a J g boscis is also a tube, but instead of 

^ | I* being muscular, its walls are glandular. 

^ ^ posterior glandular part is never 

!*.! 2 everted. 

55 o) pj 

g ^ The eversion is effected by a turn- 
£ S ^ ing inside out of the anterior part of 
g>.| | the proboscis (Fig. 54). The process 
J | J whereby the proboscis is retracted has 
^ & & been very aptly compared to the effect 
’■§ - which would be produced by the inver- 
s*3 | sion of the finger, of a glove, accom- 
.§>JlL plished by pulling a string attached to 
^ 'I* | its tip on the inside, the anterior mus- 
g jf f cular part l>eing comparable to the 
o' finger and the glandular part to the 
string. It is thus obvious that in the 


everted condition the stylet will form the anterior tip of the 
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. proboscis, and will there be in a position for offence or defence 
(Fig. 57, s). 

Nervous System . 1 — The brain is composed of two ganglionic 
masses (Fig. 53, n.g) lying at the anterior end of the body, one 
on each side of the proboscis, and united by commissures passing 
round it (Fig. 55, d.c- and v.c). Each ganglionic mass is often 
partially divided into a dorsal and ventral lobe (n.g.d and 
n.g. v). From the brain a pair of cords pass off backwards 
along the sides of the body (?i.c ) ; these cords, which have 


j>.s n.p 5 ? 




Fiu. 54. — Diagrammatic representation of the proboscis, (A) in the retracted condition, 
(B) in the everted condition, y.p, Glandular portion of the proboscis ; w, muscle 
attaching the proboscis to its sheath ; tn.p, muscular portion of the proboscis ; 
p.p in A, proboscis pore ; p.p in B represents the position of the proboscis pore in 
the retracted condition of the proboscis ; p.s, proboscis sheath. 


no ganglionic swellings, in some forms. unite with one another 
above the anus. Anteriorly nerves are given off from the brain 
to the eyes and front part of the head (a.n). A nerve to the 
proboscis is given off from the commissure which unites the two 
halves of the brain dorsal to the proboscis {(In). 

In two out of the three groups into which the Nemertines are 
divided, the lateral nerve-cords are in connexion with a network 
or plexus of nerves lying between the muscular layers of the body- 
wall (Fig. 52, n.l), and in some forms constituting a compltra- 
tively thick layer. In these two groups there are no definite 

1 See Hubrecht, in V erh. Ale. Amsterdam, vol. xx. 1880 ; and in Quart. J. After , . 
Sci. vol. xx. 1880, p. 431. 
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<L*v - 4 - 


—ng:d 


-n.q. v 


nerve branches except the anterior ones to the head. In the 
third group of Nemertines the lateral nerve-cords lie within the 
muscular layers of the body-wall, and in this case paired nerve 

branches are given off at 
definite intervals throughout 
the whole length of the body. 
These branches divide up 
among the organs to which 
they pass, and no nerve 
plexus is present. 

The lateral cords vary in 
position in different cases. 
Sometimes they lie laterally, 
at others the cords tend to 
approximate to one another 
in the median dorsal or in 
the median ventral line, 
though in every case they 
remain distinctly sepa- 
ls v rated. 

Sense Organs. — Sense 
- Kr tv . . , « . # organs are usually present in 

lia. 55.— Diagram to show the relations of , „ J L 

the nervous system, circulatory system, tile iorill Oi eyes arranged at 

and proboscis sheath in the anterior eml of t ] ie s ideS of the head (Fiir. 
the body in the Jloplonemertea , modified. . / ° 

from M* In tosh. «.w. Nerves to anterior 51, e), Sometimes US a Single 
part of body and v eyes ; d.c y dorsal commis- m ; r ftni i q milP ti 111P q 
sure ; d.n, median dorsal n m'o ; d. r, dorsal P alr anU Sometimes 111 Olie 

vascular trunk ; l.v , lateral vascular trunk ; or more groups Oil each side. 
n.e, lateral nerve-cord; n.g.d , dorsal lobe rpi .i 

of nerve ganglion; n.g.v, ventral lobe of ^ . stiuctllie of the 6} es 

nerve ganglion ; jj.p, proboscis ix>re ; p.s, varies from a simple pigment 
proboscis sheath ; v.c. ventral commissure ; . * ... 

v.s, vascular ring or collar. S P ot to “ II OfgHII which re- 

ceives a special nerve-supply 
from the brain, and possesses a refracting body answering to a 
lens, and behind this a pigment layer and a layer of rods. Some 
forms are devoid of all traces of eyes. 

A pair of simple auditory capsules has been found in some of 
the Hoylonemertea , where they occur as small vesicles on the 
brain. 



The whole surface of the body appears to be remarkably 
sensitive. In a few forms small tufts of tactile hairs are said 
to be present in the region of the head, while in others there 
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are a few long hairs scattered sparsely among the cilia of the 
epidermis. 

Frontal Organ . — In many Nemertines there is present at the 
anterior tip of the head a disc-shaped group of cells bearing long 
hairs or bristles. On this disc open the secreting ducts of a 
number of gland cells lying in the head. It seems possible that 
this frontal organ may function as an organ of taste. 

Side Organs . — In the Carinellidae there is a pair of circular 
epithelial patches lying one on each side of the body in the 
region of the excretory pore. The cells composing them are 
richly ciliated and provided with a plentiful nerve-supply. The 
function of these epithelial patches is not known, but it has been 
suggested that they may be auditory organs. 

Cephalic Slits and Cerebral Organs. — In most Nemer tines 
there is a peculiar pair of organs (Figs. 50, 53, c.s), situated in 
the head and in close connexion with the brain. The function 
of these organs is not known. Hubrecht has suggested that they 
may be respiratory, while Burger 1 conjectures that they may be 
organs which are used for discriminating the condition of the 
surrounding medium. In an external examination of the 
head, the cephalic slits may usually be seen as a pair of lateral 
furrows or pits. Their form and direction vary considerably; 
they may take the form of shallow circular depressions, or they 
may lie longitudinally and be slit-like in shape (Fig. 50), or 
the slit may lie at right angles to the long axis of the body and 
be beset with short transverse furrows. In some forms these 
slits are merely superficial depressions, but in others they are 
continued into ciliated ducts, which pass inwards and penetrate 
into special lobes, consisting of glandular tissue and ganglion 
cells, in close connexion with the brain. These lobes are called 
the cerebral organs. 

In many forms the nervous system is charged with haemo- 
globin, which gives to it a bright red colour. 

Circulatory or Blood -Vascular System. — The circulatory 
system consists of three main longitudinal vessels, a median 
dorsal and a pair of lateral ones. These are connected together 
posteriorly by a transverse trunk, and also throughout the whole 
length of their course by branches, which are given off at 
regular intervals. Anteriorly the three longitudinal vessels 
1 “ Nemertinen,” Fauna und Flora O. von Neapel , 22 Monogr. 1895. 
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either all unite and form a collar (Fig. 55, i\s) round the 
oesophagus, or they break up into a number of lacunar or open 
spaces in free communication with one another. 

The blood is usually colourless, but in some cases the cor- 
puscles are coloured red by haemoglobin. 

Excretory System. — Max Schultze 1 found in Tetrastemma 
obscurum, on the outer side of, but near to the lateral blood-vessels. 



Fig. 56. — Excretory system of Nemertines. A, Drcpanophorus special Ms Qtrf., part 
of one of the lateral vessels encircled by branches of the excretory organ, x 585 ; 
r, main canal of the excretory system : B, />. crassv.s Qtrf., a terminal branch of 
tiie excretory system, x 585 ; f t ciliated Maine : C, Malacohdella f/rosm O. F. Mull., 
entire animal, slightly magnified, showing the excretory system (black) and the vas- 
cular system ; c.a t excretory aperture ; d. v, dorsal vessel ; l.r , lateral vessel. (From 
Burger.) 


a pair of canals. He observed ciliary movements in the canals, 
but could not discover flame cells. Further contributions to our 
knowledge of the excretory system were made by Semper, 2 von 
Kennel, 3 Hubrecht, 1 and Oudemans. 5 The latter states that the 
excretory system consists of a pair of canals situated laterally near 
the anterior end of the body. Each canal communicates with 
the exterior by one or fhore ducts having lateral regularly- 
arranged apertures. Tn some cases lie was unable to make out 
any communication witli the vascular system, but in others 

1 Bcitrayc zur Xalurgcschichtc dcr Turbcllavien , Griefswald, 1851. 

2 Arb. Inst. I fair zb ary, Bd. iii. 1876, p. 115. 

3 I hid. Bd. iv. 1877, p. 305. 4 Zool . Anz. vol. viii. 1885, p. 51. 

5 Quart . J. Micr. Sci . vol. xxv. 1885, suppl. p. 1. 
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a direct communication, by means of open connexions with the 
lacunar blood spaces, is said to occur. 

Silliman 1 in Tetrastemma aqunrnm dulcium describes the 
excretory vessels as ending in numerous capillary branches, at 
the blind terminations of which cilia are present. He states that 
there is no important difference between the excretory systems 
of lihabdocoeles and Nemertines. 

Burger, 2 as the result of recent investigations on the excre- 
tory system in Nemertines, finds that the minute branches end 
in flame-cells (Fig. 56, B) lying on and among the blood-vessels, 
but having no open connexion with them. 

Generative System. — The Nemertines are for the most part 
dioecious, only a few certainly hermaphrodite species having been 
described, e.g. Tetrastemma (“ Borlasia. ”) kef erst einii Mar. 3 

The generative products in both cases are contained in sacs 
(Figs. 52, 53, //) which lie in the lateral region of the body 
between the pouches of the alimentary canal. The ova and 
spermatozoa are conveyed to the exterior by short ducts. Most 
species are oviparous, though a few viviparous species are known 
(e.g. Prosorhockmus claparedii ). 

Classification. — Nemertines were divided by M. Schultze 4 
into : — 

1. Enopla , in which the proboscis is armed with stylets. 

2. Anopla , in which the proboscis is unarmed. 

Although this classification was fairly correct as far as it 
went, since many other distinctive features were correlated with 
the presence or absence of armature in the proboscis, still there 
are several primitive forms belonging to the Anopla , which 
possess characters such as render it necessary to class them 
together in a separate group. 

For this reason Hubrecht divided the Nemertinea into three 
Orders — Hoplon e mertea , Behizone mertea, Palaeonemertea ; the 
first of these Orders corresponding , with the Enopla , and the 
other two with the Anopla . 

1 Zcitschr. wiss. Zool . Bd. xli. 1885, p. 48. 

“ Ibid . Bd. liii. 1892, p. 322, and Fauna und Flora G. von Ncajfel, 22 
Monogr. 1895. 

3 Ann. Sci. Nat . (5) vol. xvii. 1873. 

4 Zcitschr . wiss. Zool. Bd. iv. 1853, p. 178. 
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Order I. Hoplonemertea. 

The proboscis is armed. 'The epidermis rests on a thick layer 
of connective tissue plentifully supplied with glands, below which, 

is a prominent basement membrane* 
The muscular layers of the body are 
two in number, an outer circular and 
an inner longitudinal. The nerve-, 
trunks lie within the muscular layers 
of the body and give oil* regularly- 
arranged branches. There is no 
nerve plexus. Each of the cephalic 
slits generally opens by a pore situated 
in the centre of a transverse groove, 
which is beset along one side by a row 
of shorter grooves at right angles to it. 
Fig. 57.— Anterior end of the The apparatus consists of a ciliated 

<lucfc surrounded by nerve tissue, and 
tion of the proboscis lateral passing into lobes of tissue which are 

muscular portion of the. pro- connected with the hrain by thick 

hoscis ; .v, stylet ; granular nerve-cords. The mouth opens rather 
basal portion of stylet. . .. .. ,, . 

iar lorward in iront ol the brain. 
The intestinal pouches arc symmetrically arranged. Auditory 
organs are said to exist in some forms, consisting of vesicles 
containing otoliths. The vascular trunks are connected an- 
teriorly by closed vessels and not by lacunar spaces. 

The principal British genera and species 1 are : — 



Amphiporn* biocnlatns M‘Int., A. dissimulans Riches, A. hastatus M‘Int., 
A . lacfijlnrcus A. pulchcr Job nst. 

Drepamphoriis rubrostriatns Hubr. {—A, spectahilis Qtrf.). 

Tdrastcmma ambiguum liiches, T. antdidum O. F. Mull., T. dorsulc Abildg., 
T.Jlacidum Ehrenb., T. immvtalnle Riches, T. mdanocephalwni Job list., T, 
nigrum Riches, T. robertianae MTnh, T. rmnicnlatum Qtrf. 

J’rosorhochm us clapamln Keferstcin. 

Xcmntes carcdnophila K<ill., X. gracilis Joliust., X. ncesii Oerst. 
Malacobdclla yromi 0. F. Midi. 


1 Our knowledge of British species is mainly due to M ‘In tosh (British Annelids, 
Ray Society, 4to, 1873) and Riches ( Journ . Mar . Biol . Ass . vol. iii. 1893-1895, p. 1. 
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Order II. jjchizonemertea. 


The proboscis is unarmed. The epidermis 
the layer of connective tissue by a thin base- 
ment membrane, hence the glands in the 
connective tissue are more deeply situated 
and have long ducts. The muscular layers 
are three in number, an outer and an inner 
longitudinal layer between which lies a layer 
of circular muscles. The lateral nerve-cords 
lie between the outer longitudinal and the 
circular muscle layers. They are connected 
throughout the body by a nerve plexus, the 
only definite nerve branches given off being 
those to the brain, oesophagus, and proboscis. 
The cephalic slits are a pair of deep longi- 
tudinal grooves at the sides of the head. 
From each groove a canal passes inwards 
into a posterior brain -lobe. The mouth 
opens behind the brain, and is an elongated slit 
bounded by corrugated lips. Auditory organs 
have not been observed. The longitudinal 
vascular trunks are connected anteriorly by 
lacunar spaces, and not by closed vessels. 

Principal British genera and species : — 


is separated from 


VP 



Ft u. f»8. — TTea«l c*ml of 
Crrdrrat. ulus m aryi n- 
atus ltt'ii., from the 
ventral surface. 
Drawn from a spirit 
specimen. Naples, 
x 1 . c.s f Cephalic 
slit ; ?>/, mouth ; p.p, 
proboscis pore. 


Linen* bilincat us Hen., L. laden* Mont., L. mar inn* Mont. (~L. lonyi*- 
simus Gunner us), L. (jes8eren.su O. F. Mull. ( = L. obscurus Desor and L. 
sttntj n in ens M M n t. ). 

Borlasia dizabethue MMnt. 

Cerebratnlus anyulatus O. F. Mull., C. /turns MMn t., C. jmntherinn* Hul>r. 
After ura aurantiaca Grube, M. Candida Burger, AI. faseiolata Ehreiib,, M. 
purpurea J. Miill. 

Meckclia asulcata MM nt. 


Order III. Palaeonemertea. 

The proboscis is unarmed. The epidermis and connective 
tissue form one layer, below which is the basement membrane. 
The muscular layers are three in number, two circular separated 
by a longitudinal layer. The nerve-cords lie altogether external 
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to the muscular layers, and are connected together throughout by 

a plexus. No nerve branches are 
given off. The brain is not divided 
into lobes. The cephalic slits are 
only represented by a shallow depres- 
sion on each side of the head, and 
no canals have been observed leading 
from them. The intestine is straight, 
and the pouches are usually absent 
or rudimentary. The circulatory sys- 
tem is largely made up of lacunar 

Fl V 5 ir7d»wu^mXlS 8 P aCeS - the Gl0Sed S y 8telJa *““8 but 

specimen, slightly contracted, little developed. 

art ssaraiTT 

posterior end. Species : 



Carinella annulata Mont., C. linearis (Mont., MS.) M'lnt., C. macintoshi 
Burger (Fig. 59), C. polymorpha Ren. 

Gephalothrix bioculnta Oerst., C. linearis Rathke. 

Valencinia lineformis M‘Int. 

A most important monograph by Burger 1 on Nemertines has 
just been published, but unfortunately it appeared too late to 
lie adequately considered here. He gives an elaborate account, 
illustrated by admirable figures, of the present state of our know- 
ledge of this group, and his work will be indispensable to future 
students of the subject. The older systems of classification are 
criticised, and the following scheme is adopted in their place : — 

Order I. Protonemertini ( = part of the Palaeonemertea, 
e.g. Carinella ). — The brain and lateral nerve-cords lie outside the 
muscle layers in the epithelium or below the basement membrane. 
The body- wall consists of the following layers: epidermis, base- 
ment membrane, qircular muscles, and longitudinal muscles. The 
mouth lies behind the brain. The proboscis is unarmed. 

Order II. Mesonemertini ( = part of the Palaeonemertea, 
e.g. Gephalothrix). — The characters of this Order are similar to 
those of the Protonemertini except that the brain and lateral 
nerve-cords lie in the muscle layers. 

Order III. Metanemertini ( = Hoplonemertea). — The bcain 
and lateral nerve -cords lie in the parenchyma of the body 
internal to the muscle layers. The layers of the body-wall are 
1 Fauna und Flora G. von Neapel , 22 Monogr. 1895. 
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similar to those of the Protoneinertini. The mouth lies in front 
of the brain. The proboscis is armed. At the junction of the 
fore- and mid-gut a diverticulum is given off which projects for- 
wards beneath the fore-gut and ends blindly in front. 

Order IV. Heteronemertini ( = Schizonemertea, and the 
genera Ewgolia and Valencinia, placed provisionally by Hubrecht 
in the Palaeonemertea). — The body-wall consists of the following 
layers : epidermis, thick cutis, and an duter and an inner longi- 
tudinal muscle layer separated from one another by a circular 
muscle layer. The brain and lateral nerve-cords lie between the 
outer longitudinal and the circular muscle layers. The mouth 
lies behind the brain. The proboscis is unarmed. 

Development of the Nemertinea. — The development of the 
Palaeonemertea is at present not known : in the Schizonemertea 
a larval stage occurs ; while in the Hoplonemertea the egg 
develops directly without undergoing any metamorphosis. 

There are two forms of larva characteristic of the Schizo- 


oes __ , 


nemertea, known respec- 
tively as Pilidium and 
the Type of Desor. The 
Pilidium is hatched 
early and leads a free- 
swimming existence, 
whereas the Type of 
Desor, though in many 
respects resembling it, 
never passes through the 
free-swimming phase. 

The Pilidium (Fig. 

60 ) is a helmet-shaped 
larva bearing a tuft or 
spike dorsally, and pro- 
longed downwards later- 
ally into a pair of lobes. 

The whole larva is 
covered with cilia, there 
being a specially strong 
band round its ventral surface. The dorsal spike is composed 
of a bunch of strongly developed cilia or of a long flagellum. 
The alimentary canal consists of a Bac constricted into oesopha- 
vol. 11 1 



Fio. 60 . 


Diagram of a Pilidium larva. (After 
Salensky.) c, Tuft of cilia ; w, muscle-flbres ; 
mo, mouth, seen through one of the lateral lobes ; 
n, nerve - fibres ; n.r, nerve - ring ; n.g, nerve 
ganglion ; oes, oesophagus ; st, stomach. 
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geal and gastric regions (Fig. 60, oes and st). In this condition 
the larva swims about freely in the water. The helmet-shaped 
Pilidiuin-skin forms no part of the future Nemertine, the skin 
of which is developed as ingrowths from it ; these meet one 
another and unite to form a complete covering round the 
alimentary canal ; the larval skin is then cast off, and by a 
series of gradual steps the embryo develops into the adult. 

Habits. — Nemertines are often found under stones between 
high- and low- water marks, lying on sandy or muddy bottoms. 
They are usually in the form of coiled masses, and are generally 
in a state of quiescence. Hence it is probable that their period 
of activity is during high-water, and that when left by the 
receding tide they subside into a resting condition. 

The large kinds, such as Linens marinus , seem to be always 
found living alone, but some of the smaller kinds, notably Tctva- 
stemma dorsale and Prosorliochm us clajmredii , have gregarious 
habits and live in masses, the coils of the different individuals 
being inextricably mixed. 

Some species, such as Micrura 'purpurea, Amphiporvs pulcher , 
and Cercbratulus angulatus, frequent empty bivalve shells, while 
Nemertines are often found in empty limpet shells adhering to 
rocks in tidal pools. Other smaller forms resort to no such definite 
protection, but live among seaweeds ; some of these remain naked, 
while others secrete for themselves tubes of a membranous or gela- 
tinous consistency. Jiorlasia elizabcthac lives in a burrow of clay. 

Nemertines are commonly dredged from a deptli of six or 
eight fathoms. They may sometimes be found floating on the 
surface of the water, and some possess the power of swimming 
rapidly, propelling themselves by a lateral- motion of the tail, 
the sides of which are in such cases prolonged into a thin fin- 
like edge. This mode of progression is usually adopted by those 
which frequent deep water. A pelagic Nemertine (. Pelagone - 
merles ) was discovered by Moseley near the southern verge of the 
South Australian current, being found in a trawl with deep-sea 
forms from a depth of 1800 fathoms. This animal was leaf-like 
in shape, bluntly pointed behind and rather square in front. 

The power possessed by Nemertines of secreting mucus, is 
very great, their course being often traceable by the tracks which 
they leave behind them. Many of them glide along with great 
rapidity, a mode of progression which is probably due to the 
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cilia covering the whole outer skin, ami to the extreme contrac- 
tility of the muscles of the body-wall. In some locomotion is 
effected by the proboscis ; this is protruded and attaches itself 
by means of its spines to some foreign body, after whic-h the 
body is drawn up after it. This has been specially observed in 
a land form, Tetrastemma agricola , discovered by Willeinoes-Suhm 
in the Bermudas. On solid bodies the movement is a kind of 
crawling action, the head and mouth acting as suckers in much 
the same way as in many Leeches. 

Most Nemertines can be very readily kept in confinement. 
The chief apparent effect of such a life is a loss of colour, the 
animal gradually becoming pallid in hue. Owing also to the 
absence of proper food they diminish very much in size, though 
even when all food is kept away an animal will sometimes 
continue to live as long as eighteen months. 

Food. — Nemertines are carnivorous in their habits and are 
very voracious, devouring any prey which comes in their way, 
whether it be living or dead. No animal food seems to come 
amiss to them, and they will devour creatures of considerable 
size. When in contact with its prey, the Nemertine dilates its 
mouth to a large extent, and the anterior end of the oesophagus is 
thrust out and engulfs the animal. Cliaetopods form a favourite 
food material, the whole animal being swallowed quite regardless 
of the hard chitinous bristles and spines with which it is beset. 
The soft parts are gradually digested, the bristles and other 
indigestible portions being extruded by the anus. The larger 
spines often pass out by perforating passages through the wall of 
the intestine and through the body-wall. The aperture thus 
formed appears speedily to heal after the foreign body has been 
extruded. 

Tlie carnivorous habits of Nemertines even extend to canni- 
balism, and when kept in confinement they frequently devour one 
another. For this reason it is unsafe to keep large and small 
kinds together, as the small ones speedily disappear, being used as 
food material by the large. If one be divided into several pieces, 
the pieces are very rapidly demolished by other individuals. 

Regeneration . 1 — This power is, no doubt, of great service to 
these animals, since injury, or even violent local irritation, often 
causes complete rupture at the point affected. It seems that the 
1 See MTntosh, British Annelids , Ray Society, 4 to,* 1873. 
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chief power of regeneration is situated in the liead, as, if a very 
short piece be broken off the anterior end of the body, it very 
rapidly reproduces itself into a new individual. The hind 
end of the original body often lives for a considerable time, 
but it does not in most cases appear to possess the power of 
reproducing a head, and after existing for a time it dies. For a 
while, however, it so far retains its vital powers that the gener- 
ative products continue to grow, and actually attain to perfection. 
Severe wounds also heal very quickly and completely, and all 
local injuries are speedily repaired. 

Owing to the force with which it is shot out, the proboscis is 
often completely severed from the body, and in such a case the 
animal grows a new one in an extremely short space of time. 
The proboscis thus broken off retains its power of movement 
and contractility for a considerable time, and has been more than 
once mistaken for a worm. This great vital power is probably 
due to the great development of nervous tissue, the proboscis 
being usually richly supplied with nerve plexuses. 

One large form, Linens sanguineus , seems to possess great 
recuperative powers. It shows a marked tendency to break up 
into pieces, when not only the head end, but also the other 
portions develop into perfect animals, each one growing a 
head and all the organs belonging to it. Thus in this case an 
animal may multiply by a simple process of transverse fission, 
and form numerous complete individuals. 

Breeding. — The breeding season only appears to cease in 
the extreme of winter. Different genera and species seem to 
mature their generative products at different times. 

In the armed Nemer tines the eggs are deposited separately, 
and are not connected together except by such accidental mucus 
as the animal deposits normally ; but in the unarmed a special 
mucous secretion forms a thick investment for the eggs. 

M‘ Tntosh 1 has observed the process of the deposition of the 
male and female products in Nemertes gracilis . He put into a 
glass vessel a male and female of this species in which the 
products were apparently ripe. Soon spermatozoa began to issue 
in wreath-like jets from the body of the male, at first from the 
middle region of the body, and afterwards anteriorly and pos- 
teriorly, until the animal was enveloped in a dense cloud of sperma- 

1 Loc. cit. 



GEOGRAPHICAL DISTRIBUTION LAND FORMS 


II 7 

tozoa. The whole process only lasted a few minutes. When all 
the spermatozoa had apparently been given out, the female was 
seen to protrude her head from the sand ; she then passed to 
the side of the vessel and deposited a group of eggs about three 
inches distant from the spermatozoa. 

With only a few exceptions Nemertines are oviparous. Frosor- 
hochm us claparedii, Tetrastemma obscurum, and Monopora vivipam 
have been observed to contain embryos at certain times of the 
year. In other forms the eggs are laid when ripe, and develop- 
ment takes place subsequently to their deposition. 

Geographical Distribution. — Nemertines have been found in 
all seas from the arctic to the equatorial regions. Miuiy forms 
are found in the British Isles both between tide-marks and also 
at greater depths around our coasts. Some genera seem to 
he confined to warm climates and others to cold ; while others 
appear to be indifferent to climate, and to subsist equally well 
under very various degrees of temperature. So far as is known, 
the land forms are all indigenous to warm countries. 

Land Forms. — Land forms, which occur on or in moist earth 
under stones or decaying vegetable matter, have been discovered 
and described by Semper, 1 Willemoes-Suhm, 1 and von Graff 1 

The species found by Semper, and called by him Gronrmrrtes 
palaensis, lives under damp leaves and the, roots of trees on 
Pelew Island in the North Pacific. It is about 2 inches long, 
of a reddish-white colour, with narrow, brownish -black, longi- 
tudinal stripes on its dorsal surface. It possesses six eyes and 
very small cephalic slits and cerebral organs. The proboscis is 
armed, and opens by the month instead of by a special pore. 

The same peculiarity as to the opening of the proboscis is 
found in Geonemcrtes chaHcophora, discovered by von Graff in pots 
of Corypha australis in the palm-house at Fran kfurt-on- Main. lie 
found specimens on and beneath the surface of the earth. As it was 
only found in pots in which this Australian plant was growing, von 
Graff thought it almost certain that it was a native of Australia. 
Those found below the surface of the earth were surrounded by a 
transparent tube in which particles of earth were embedded. The 
animal is small, only about two-fifths of an inch in length. The 
colour is milk-white, with a small quantity of red pigment ante- 
riorly : there are four eyes, and the cephalic slits are absent. 

1 References to these works are given on p. 101. 
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The species which was discovered by Willemoes-Suhm, and 
named by him Tetrastemma agricola , lives under stones in damp 
earth in the Bermudas. It differs from the other two in that 
the proboscis opens by a special terminal aperture. It measures 
nearly an inch and a half in length, and, like G. chalicophora , is 
milk-white in colour. It resembles it also in possessing four 
eyes, and in the absence of cerebral organs and cephalic slits. 

Fresh-water Forms. — In most cases the descriptions of 
fresh-water forms are so vague and incomplete that it is difficult 
to determine whether or not they are different species. 

They are probably more numerous than is at present known, 
and are certainly scattered widely over the face of the earth, since 
they have been found in Nicaragua, at Tashkend in Turkestan, 
and at Philadelphia and Monroe in the United States. 

A form of which we have a full description is Tetrastemma 
aquarum dulcium , found by Silliman 1 at Monroe, under stones 
in brooks in company with Planarians. It is a small worm of a 
red or pink colour, about half an inch in length, and it possesses 
usually three pairs of eyes. The proboscis is armed, and opens 
by a separate aperture. The excretory system consists of a 
vessel on each side of the body, eacli opening externally by a 
pore, and internally dividing into numerous branches which end 
in ciliated expansions. An individual of the same species was 
found by Beddard in one of the tanks in the Botanical Gardens in 
Regent's Park, but as the tank is one in which tropical plants are 
grown, it had almost certainly been introduced among the roots 
of the plants, and cannot be considered as a Britisli species. 

A fresh -water Nemertine belonging to the genus Tetrastemma 
was, however, found by Benliam 2 on the roots of some water 
plants in the Cherwell at Oxford. The specimen was of a bright 
orange colour and measured half an inch in length. 

Du Plessis 3 found another fresh- water form on the lower 
surface of stones in shallow pools on the shores of the Lake 
of Geneva, and named it Tetrastemma lacustre. It is a small 
animal, the largest specimens being rather over an inch in length. 

Another European genus was found in 1893 by F. E. Schulze 
in Berlin. It has been fully described by T. H. Montgomery, 4 wha 
has given it the name of Stichostemma eilhardii . 

1 Zcitschr . wiss. Zool. Bd. xli. 1385, p. 48. 2 Nature , vol. xlvi. 1892, p. 611. 

3 Zool, Anz. vol. xv. 1892, p. 64. 4 Zeitschr. wiss. Zool. Bd. lix. 1895, p. 83. 
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Parasitic Forms. — The genus MalnrohdeUa whs found by 
von Kennel 1 in large numbers living on Cyprina islandica, 
a Lamellibranch Mollusc, in the harbour at Kiel ; and it 
has also been described by Riches 2 as a British form. It 
is attached to its host by means of a large round sucker 
situated at the posterior end of the ventral surface, while 
the rest of the body waves about freely in the mantle-cavity. 
It is perhaps hardly correct to describe this animal as para- 
sitic, since it does not appear to obtain its nutriment 
at the expense of the host by preying on its juices. The 
advantage of its position is, however, g 
obvious, since a perpetual current of g( 

water is kept up in the mantle -cavity 
of the Mollusc, and from the stream the 
Nemertine is able to pick out and take I 
for itself any food material which it 
considers suitable. At the same time 

A B 

it is not subjected to the influence of the „ ir . . , „ 

. •' F It;. Gl.-MmucoMella r/mssa 

winds and waves, as the shell of the o. F. Mull., a largo fcmalo 
mollusc acts as a barrier to prevent the «peoimen. Kui. x 1. 

l (From von Kennel.) A, 

entrance of disturbing elements. FYom the domd Hurface ; B, 

MalacohdeUa is short and broad, some- from t,U! vu,,tral smfacu - 
what flattened dorso- ventral lv. The anterior end is bluntly 

rounded. The mouth opens into a wide pharynx, which is con- 
stricted behind and then passes into the intestine ; this after a 
few coils opens by the anus situated dorsally immediately above 
the sucker. The proboscis opens into the pharynx. 

Palaeontology. — Nemertines are unknown in a fossil state ; 
this is probably owing to the softness of their bodies, which would 
render their preservation extremely improbable. 

Affinities. — Until recently the Nemertines were regarded as 
a sub-order of the Turbellaria. They were afterwards separated 
from the Turbellaria and placed as a distinct class of the phylum 
Platylielminthes. 

Some zoologists have considered them to be so different in 
many respects from the other classes of the Platylielminthes as to 
justify their being altogether separated from that phylum, and 
treated as a distinct group. 


1 Arb. Inst. JVurzhury , Btl. iv. 1877-1878, [>. 30. r >. 
- Jouni. Mar. Mol. Asa. vol. iii. 1893-1895, p. 22. 
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If, however, the recent work of Burger on the excretory system 
is to be relied upon, the existence of flame cells would be a strong 
reason for classing them among the Platyhelminthes. 

Hubrecht 1 has instituted an interesting comparison between 
Nemertines and Vertebrates. He compares the median dorsal 
nerve of Nemertines to the spinal cord of Vertebrates ; the lateral 
nerve-cords to the nerve of the Vertebrate lateral line ; and the 
lateral swellings which constitute the brain in Nemertines to the 
lateral ganglia of the cephalic region in Vertebrates. This view is 
strengthened by the existence of transverse nerves connecting the 
lateral and dorsal nerves of Nemertines, since these may be com- 
pared with the spinal nerves of Vertebrates. He suggests that both 
Nemertines and Vertebrates may have arisen from a vermiform 
animal possessing a nervous layer in the form of a plexus of nerve- 
fibres, the nerve tissue having become concentrated along three 
lines to form a median dorsal find two lateral nerve trunks ; the 
former being specially developed in the Vertebrata and the latter 
in the Nemertines. Hubrecht further suggests that the noto- 
chord of Vertebrates may be a survival of the proboscis sheath of 
Nemertines, while the proboscis of the latter may be represented 
by the invagination to form the pituitary body in Vertebrates. 

Certain authors 2 have suggested that indications exist of a 
relationship between Nemertines and Jkdanoglosms. 

The features which are supposed to indicate this are the 
elongated vermiform shape showing no external signs of segmenta- 
tion ; the ciliatecj, smooth skin and the possession of unicellular 
mucous glands; and the protrusible proboscis, which may be 
comparable to the non -retractile proboscis of Balanoglossus , a 
comparison which is strengthened by the fact that in some 
Nemertines a sheath of nerve-fibres exists in the wall of the 
proboscis corresponding to the nerve plexus in the proboscis of 
Balanoglossus. In both cases an ectodermic nerve plexus exists 
with local thickenings along definite lines, although these lines 
fire not the same in the two cases. Both possess a straight 
alimentary canal, ending in a terminal anus and thrown out into 
paired lateral caeca, between which are the paired inetamerically- 
arranged generative sacs. 

1 Quart. J. Mier. Set. vol. xxiii. 1883, ]>. 349 ; Ibid. vol. xxvii. 1887, p. 605. 

2 Cf. Willey, Amjihioxus and the Ancestry of the Vertebrates , Macmillan, 1894. 
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NEMATHELMINTHES 

INTRODUCTION NEMATODA ANATOMY EMBRYOLOGY CLASSIFI- 

CATION ASCARIDAE 8TKONGYLIDAE TRICHOTRAO IIKLI DAE 

FILARIIDAE MERM ITHIDAE ANGUILLULIDAE ENOPLI I »AE 

PARASITISM NEMATOMORPIIA ANATOMY CLASSIFI- 
CATION LIFE-HISTORY ACANTHOCEPHALA ANATOMY - 

EMBRYOLOGY - CLASSIFICATION. 

The Nemathelminthes include three sub-Orders of very different 
size and importance. These are — 

i. The Nematoda. 

ii. The Nematomorpha (Gordiidae). 

iii. The Acanthocephala. 

Although the members of these groups differ considerably from 
one another, on the whole there is a closer resemblance between 
them than between any one of them and any other group of 
animals, and there is a certain convenience in arranging them 
under one head. 

The following characteristics are common to all three groups 
of the Nemathelminthes : they are worm-like in form, and with 
few exceptions are parasitic in the bodies of other animals, either 
Vertebrate or Invertebrate. Some of them spend their whole 
existence within the bodies of their hosts, but more commonly 
they are only parasitic during a certain period of their life ; u 
few, however, lead a free life in water or in damp earth. None 
of the Nemathelminthes are segmented — that is, their bodies are 
not divided into a number of parts which serially repeat each 
other, and which resemble more or less closely the preceding and 
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succeeding parts. They are not provided with any appendages 
or limbs, but sometimes bear a few bristles or hooks, and in rarer 
cases suckers. The body, which is elongated and, as a rule, 
thread-like and tapering at each end, is enclosed in a thick 
cuticle or hardened secretion of the underlying cells. In no 
Nemathelminth is there any closed vascular system, nor are 
special respiratory organs developed. 

In many respects the most remarkable peculiarity of these 
animals is that, with the possible exception of the excretory 
organs of the Acanthocephala, there is a complete absence of cilia 
throughout the whole group. In this respect they resemble the 
Arthropoda. The universal presence of these small flickering 
processes of cells from man down to the simplest unicellular 
organisms makes the absence of these structures most remarkable. 
In many animals they are the sole organs of locomotion, and in 
almost all they perform very important functions, both in bring- 
ing food and oxygen to the body, and in removing waste matter 
from it. At present there seems to be no adequate explanation 
for their absence in the two large groups mentioned above. 

Nemathelminthes are, with hardly an exception, dioecious^ — 
that is to' say, their male and female reproductive organs are in 
different individuals. Their young do not differ markedly from 
the adults, except in the absence of sexual organs, but the im- 
mature stages are usually termed larvae, and not infrequently 
either inhabit a v different host from the adult, or are free when 
the adults are parasitic, or vice versd. 

Sub-Order I. Nematoda. 

Anatomy. — The Nematode worms, or thread-worms, form by 
far the largest and most important division of the group Nema- 
thelminthes. The number of species is great, and although the 
conditions under which they live are of the most varied kind, 
there is, as a rule, little corresponding difference in structure, 
and hence the determination of the species is attended with no 
small difficulty. 

With few exceptions the shape of the body is filiform (Figs. 
66 and 71), the two ends being more or less pointed, and the 
posterior end of the male, which is generally a smaller animal than 
the female, is usually slightly recurved. The worms are, as a rule, 
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white, or of the colour of polished ivory ; they may be opaque or 
semi-transparent, but pigment spots are rarely developed. 

Minute Nematodes abound in moist soil, around the roots of 
plants, etc., and may easily be detected with the aid of a lens 
wriggling about amongst the particles of sand and earth. Of 
the animal parasites perhaps the most familiar is the “ round 
worm ” ( Ascaris lumbricoides , Figs. 66 and 67), which inhabits 
the alimentary canal of man ; others are common in domes- 
ticated animals, as A. mystax in the cat and dog, and A. 
megalocephala in the horse and ox. They are also found living 
parasitically in plants (Fig. 77), causing the formation of galls 
and other pathological growths; Anguillula ( Tylenchus ) tritici 
causes in this way considerable damage to corn, and others 
# attack root-crops, cabbages, etc. The “ vinegar eel ” (. Anguillula 
aceti ), which occurs so often in weak vinegar, is another familiar 
example of this group. 

The Skin. — The body of the worm is encased in a relatively 
thick, transparent, smooth cuticle, which is turned in at the various 
apertures, and lines the tubes connected with them for a greater or 
less distance. The cuticle is in some cases raised to form spikes or 
hooks, and in certain species, e.g. Ascaris mystax and A. transfuga , 
it is produced into two lateral fins, which are supported by a 
thickened triradiate rod of specialised cuticle (Fig. 62); these 
fins, however, do not run far down the body. As a rule the 
cuticle is quite smooth, but it may be ringed, as in Filaria 
laticaudata and in F. denticulata ; and the rings may bear back- 
wardly-projecting teeth. 

The skin of Nematodes consists of three layers — (i.) the 
above-mentioned cuticle , which is presumably secreted by (ii.) the 
sub-cuticle or epidermis which underlies it ; tlie latter surrounds 
in its turn (iii.) the muscular layer. 

The nature of the sub-cuticle is one of the debateable points in 
the morphology of the Nematoda. No cell outlines have been 
detected in it, although nuclei are scattered through it; it is in fact 
a syncytium , or protoplasmic mass in which cell limits cannot be 
distinguished. Many of the cells forming it have broken down 
into fibrils, and these form a close meshwork, which is occa- 
sionally specialised, as, for instance, round the nerve -cords. 
Along the median dorsal and ventral lines, and along the lateral 
lines, this tissue is heaped up in such a way as to divide the 
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enclosed muscle -cells into four quadrants. These thickenings 
surround dorsally and ventrally a specialised nerve-cord, and 
laterally the excretory canals. 

According to Jammes 1 this lack of differentiation in the sub- 
cuticular layer is caused by the early appearance of the cuticle, 
which he thinks is necessitated, at any rate in many of the 
parasitic forms, by the action which the digestive juices of the 
host would have on the otherwise unprotected body- wall. 



Fia. 62. — A transverse section through the body of A scar is transfuga Rud., in the region 
of the oesophagus : re, the muscular oesophagus with its triradiate lumen ; 6, the 
cuticle ; c, the sub-cuticle ; d, the muscular layer ; e t the lateral nerves running in 
the lateral line ; /, the excretory canal j y, the dorsal, and h, the ventral nerve ; i, 
the triradiate rod iu the iin. 

The nervous system, according to the same writer, is of the same 
nature as this sub-eutieular tissue, only it is more differentiated, 
or perhaps we should say it has retained more of the primitive 
cellular character of the embryonic tissue. The fibres of the 
sub-cuticular tissue are closely connected with the fibrils which 
compose the spongioplasrn (Fig. 64, d) of the muscles, 2 and form 
also the sheaths of the various nerves ; in fact the passage of 
these fibrils into the nerves is so gradual that it is impossible 
to make any separation between them. 

1 Ann . ScL not* 7, ser. vol. xiii. 1892, p. 321. 

2 E. Rolide, SB. Ak. Berlin, , 1892, p. 515. 
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Tll6 Nervous System. — The central organ of the nervous 
system is the circumoesophageal ring which surrounds the 
pharynx, close to the anterior end of the body, in A. megalo - 
cephala l£ to 2 mm. behind the mouth. 1 Ganglion cells are 
found in the ring, hut they are not numerous, and are chiefly 
aggregated round the points of origin of the nerves. 

Six short nerves, three on each side of the median line, run 
forward from the ring, a pair of these ending in each of the three 
papillae which surround the mouth. 

Behind, the nerve-ring gives off six main nerve trunks, of 
which the dorsal and ventral nerves are usually the largest. 



Etg. 68. — Diagram of tho nervous system at tlie two ends of the body in A sca r is 
megalocephala Cloq., 6 . (After Hesse.) a, Circumoesophageal nerve-ring ; ft, opening 
of excretory ducts ; c, dorsal nerve ; d, dorso-lateral nerve ; e, ventrolateral nerve- 
becoming tho bursal nerve posteriorly ; /, tho ventral nerve ; y, cloacal opening ; 
A, sub-cuticular nerves running from c to /; k , spicules. 


These run in the median dorsal and ventral thickenings of the 
sub-cuticular tissue, and are connected one with another by 
numerous fine lateral branches running through the sub-cuticle. 

The lateral nerves, which consist of two or four bundles, ono 
or two lying dorsal and one or two ventral to each excretory 
canal, have a double origin. The dorsal branches arise directly 
from the nerve-ring, and at their point of origin there is a con- 
siderable accumulation of ganglion cells, from which two com- 
missures on each side run into the ventral nerve (Fig. 63,/). 
The ventral branches arise from the ventral nerve-cord imme- 
diately in front of the excretory pore. At the posterior end 
the lateral nerves pass into the two branches into which the 
ventral nerve divides. Just before the point where the ventral 
1 R. Hesse, Zcitschr. tom . Zool. Bd. liv. 1892, p. 548; 
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nerve splits it swells out into an anal ganglion situated just 
in front of the anus. In the male 1 this anal ganglion gives off 
two lateral nerves which pass round the cloaca and form a 
ring, and in this sex the ventro-lateral nerve, which is much 
strengthened by fibres from the ventral nerve, and has received, 
owing to the mistaken impression that it was a special nervus 
recurrens , the name of the “ bursal nerve,” gives off* numerous 
branches to the sense papillae which are found in this region of 
the body and on the tail. The arrangement of these parts is 
shown in Fig. 63. 

Sense organs are but poorly developed in the Nematoda, as is 
usual in animals which are, as a rule, either parasitic or live 
underground. Eyes, consisting of masses of dark pigment with 
or without a lens, occur in the neighbourhood of the circum- 
oesophageal nerve -ring in some free -living forms. Leuckart 
described as possible auditory organs certain giant -cells lying 
near the orifice of the excretory ducts. Later research has shown 
these cells to have some phagocytic action on the contents of the 
body -cavity. The chief sense organs are the papillae, of which 
in A. megalocephala there are two kinds, the lip papillae being 
distinguished from the genital papillae by the fact that the nerve 
supplying them ends in a fine point and pierces the cuticle in the 
former case, whilst in the latter it swells out into an “ end-organ,” 
which is always covered by a layer of cuticle, though sometimes 
by a very thin one. 

Muscular System. — The muscular system is one of the most 
characteristic features of the Nematoda, both as regards the 
histology of the muscle-cells and the way in which the cells are 
arranged. 

Each muscle-cell is of considerable size, and is of the shape of 
a somewhat flattened spindle produced into a process near the 
middle. Each end of the spindle cell is said to be continuous 
with the fibrils of the sub-cuticular layer. 3 The muscle-cell 
consists of two portions, a contractile part which lies next the 
sub-cuticle, and which usually, to some extent, wraps round the 
second or medullary half. The latter consists of a fibrillar 
spongioplasm, in the meshes of which lies a clear structureless 
hyaloplasm. The nucleus always lies in the medullary half. 

1 E. Rohde, Zool. Beitr. Bd. i. 1885, p. 11. 

2 E. Rolide, Zool. Anz. xvii. 1894, p. 38. 
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The contractile portion consists of a number of columns, very 
regularly arranged in two rows and close together, but allowing 


sufficient space between adjacent 
columns for fibrils of the spongio- 
plasm to penetrate ; and these be- 
come continuous with the fibrils 
of the sub-cuticle, which is thus 
intimately connected with both 
nervous and muscular systems. 

The medullary portion of the 
cell varies greatly in size ; it may 
stretch far into the body -cavity, 
winch may be thereby almost oc- 
cluded, or it may be flattened out, 
leaving a large space around the 
alimentary canal. At one point, 
usually about its middle, it is 
produced into a process, which 
bends inwards towards the dorsal 
or ventral nerve - cord, and by 
means of this process the muscle 
receives its nerve supply. 

In most Nematodes there are 
numerous muscle-cells to be seen 
in any transverse section, forming 
a layer within the sub - cuticle, 
and broken up into four quad- 
rants (Fig. G2) by the projec- 
tion of the dorsal, ventral, and 
lateral thickenings of the sub- 
cuticular tissue. In some genera, 



Flu. 64. — A, transverse section through 
t lie centre of a muscle-cell \ B, til 
same through a nerve til ire sliowin, 
the siib-cuticulnr fibres miming in t 
the sheath. (After Bolide.) * 
Cuticle; A, siib-cuticular fibres contini 
011s with d; c, contractile columns 
d , network of spongioplasm ; 1 

nucleus. 


however, such as Oxyuris , tftronyylus, Pelodrra , Lcptndera , etc., 
there are but eight muscle-cells in a row, two in each quadrant. 
Such genera are classed together by Schneider, 1 and termed 
Merornyarii (vide p. 137). 

In addition to the characteristic muscles of the body-wall 
there are others, such as those which move the spicules in the 
male, which cross the body-cavity obliquely near the anus, and 
such as sphincter muscles near the latter orifice, which have not 
1 Monographic der Kcmaiodcn , 4to, Berlin, 1866. 
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the characteristic arrangement of contractile and medullary parts 
described above. 

The Body-Cavity. — The skin of a Nematode, as described 
above, contains most of the important organs of the body within 
its thickness. The chief muscular system, the nervous system 
with its sense organs, and the excretory organs are all embedded 
in or form part of the skin, which in its turn encloses a cavity — 
the body-cavity — in which the other two systems of organs 
which are found in Nematodes lie. These are the digestive 
system and the reproductive system. 

The body-cavity is continuous from one end of the animal to 
the other, and is in no case divided up into compartments by 
the presence of septa or mesenteries. It contains a coagulablc 
fluid with numerous corpuscles ; this is, as a rule, colourless, but 
in aS ’ynr/ainus trachcalis Sieb. (Fig. 70), which lives on blood, 
the haemoglobin of its host tinges it red, though the colour is 
said to disappear if the parasite be isolated and starved. 

The morphological nature of this body -cavity affords an 
interesting problem. It is not a true coelom, such as exists in 
the earthworm, since it is not surrounded by mesoderm, nor do the 
excretory* organs, with the possible exception of one or two genera, 
open into it, nor do the generative cells arise from its walls. 
Essentially it is a space between the mesodermic muscle-cells 
which line the skin and the endodermie cells of the alimentary 
canal, and although in many of its functions it resembles the 
coelom of other animals, its morphological character is quite 
different. 

There are no respiratory or circulatory organs in the Nema- 
toda ; possibly the fluid in the body-cavity acts, to some extent, 
as a carrier of oxygen, but from the inert and almost vegetative 
life of these animals it seems probable that their respiratory 
processes are slow, and in fact Bunge 1 has shown that A&caris 
myntax, found in the intestine of the cat, will live for four or five 
days in media quite free from oxygen, and that A. acus from the 
pike will live and exhibit movements in the same media for from 
four to six days. 

The Digestive System. — The mouth of the Nematoda is 
usually anterior and terminal, and is surrounded by from two to 
six projecting lips, the most common number being three. These 
1 Zcit. Physiol. Chem. vol. xiv. 1890, p. 318. 



VI NEMATODA— DIGESTIVE SYSTEM 1 3 1 


lips are well provided with sense papillae. The mouth leads into 
an alimentary canal, which with hardly an exception runs straight 
through the body to the anus without twists or loops. The anus 
is usually placed ventrally and is not terminal, but in Trichina 
and Trichoccphalus it is at the end of the body, and in Mcrmis , 
where the several parts of the alimentary canal are said not to 
communicate, it is absent altogether. Ichthyoncma , J )rannicuhus t 
Alla ntnncma, Atractoncma , and other Filariae are also aproctous. 

The alimentary canal is divisible into three parts — (i.) the 
oesophagus, (ii.) the intestine, and (iii.) the rectum. The suctorial 
oesophagus is a very muscular, thick - walled tube, lined with 
cuticle continuous with that which covers the body, and like it 
cast from time to time. Its lumen is usually much reduced, and 
is almost invariably triangular or triradiate in section (Fig. (>2). 
In many genera the hinder end of the oesophagus is swollen into 
a muscular bulb, which is armed with teeth in Jlctcrakis, O.vyvris, 
Fclodcra , Leptodcra,v tc. Other species, such as Tyleuch v/.s, Aphd- 
cnrhvs , Dorylaimns , are armed with a spear, which in 6b/;//.*, 1 
a genus recently described and allied to the last named, is borne 
on a special bull). The use of the spear is to pierce the tissue 
upon the juices of which the animal lives. A gland lies embedded 
in the thick walls of the oesophagus, and opens into its lumen 
by a fine tube. This was first described by Schneider 2 3 in A. 
mcyaloccphfda, and more recently it has been found by Hamann 2 
in a number of Ascaridae and Strongylidae from the Adriatic, and 
also in Leva noceph <d its. 

With a few exceptions, such as Mcrmis , where it is blind, the 
oesophagus opens posteriorly into the intestine. Tin’s is a some- 
what flattened tube, whose shape and position are often altered 
by the development of the generative organs. Its wall consists of 
a single layer of columnar cells, with large nuclei coated internally 
and externally by a layer of cuticle. The inner layer of cuticle 
is usually perforated by very numerous minute pores. In some 
species the intestine is degenerate, in Mcrmis it is a closed tube 
opening neither into the oesophagus nor into the rectum; in 
Trich ina spiralis and in the larva of Tylcnchvs tritici it consists 
of a single row of cells perforated by a duct, but in the adult of 

1 N. A. Cobb, P. Linn. 80 c. N.S. Wale .v, 2nd scr. vol. vi. 1891, p. 143. 

8 Monotjraphie. dcr Nematodes , Berlin, 1866, p. 192. 

3 Zool. Anz . vol. xvi. 1893, p. 432. 
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Fia. 65. — A longitudinal 
section through the 
body of Strongylus jila- 
via Riui. ( From O. 
Augstein. 1 ) A portion 
of the body, on each 
side of the excretory 
pore, is seen in opti- 
cal section, a, Mouth ; 
5, oesophagus ; r, intes- 
tine ; d, excretory canal ; 
e, excretory pore, and 
the opening of the poison 
glands, i ; /, ciretiiu- 
oesophageai nerve-ring ; 
//, ventral nerve ; //, dor- 
sal nerve ; t, unicellular 
poison glands ; k , ovary, 
with the ova separate ; 
l, oviduct ; w 9 uterus, 
the first egg in the uterus 
is surrounded by sper- 
matozoa ; n, opening of 
uterus ; o, inner end of 
ovary with the ova un- 
differentiated. 


1 Arch. Nn liirt/. CO Jalirg. 
Bd. i. 1804, i». 205. 
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the last named there are many cells in a transverse section. I11 
some genera, Leptodera and Pelodcra , the lumen of the intestine 
at any one level is bounded by two horseshoe-shaped cells, but 
by far the commonest arrangement is a tube formed of fairly 
numerous columnar cells crowded with granules and with large 
nuclei. 

The rectum is usually short ; its cuticular lining, like that of 
the oesophagus, is cast at intervals. At its anterior end there 
is usually a sphincter muscle, and its walls are divaricated by 
muscular strands which run from it to the body-wall. The anus 
is a transverse slit, which in the male Strongylidae is surrounded 
by a funnel-shaped membrane. 

The food of Nematodes seems to be almost entirely fluid, and 
consists, at any rate in the parasitic forms, of the elaborated 
juices of their hosts. Little is known about the nutriment of 
the free-living forms. 

The Excretory System. — The excretory organs .are peculiar, 
and, like many other Nematode structures, do not fall readily 
into line with what is known of similar organs in other animals. 
They consist of two canals embedded in the lateral thickenings of 
the sub-cuticular tissue. The canals end blindly behind, but 
near the anterior end of the body they bend inwards, and after 
uniting, open by a common pore situated in the middle ventral 
line, a little vray behind the mouth. The lateral canals are in 
some cases continued in front of the transverse branch, and they 
then end blindly in the head. The walls of these canals consist 
of an internal, structureless, refractive layer surrounded by a 
granular layer with nuclei. They contain a fluid, but nothing 
is known of its composition. 

An interesting divergence from the usual form of excretory 
organ has been described by Hamann 1 in the genus Lccano- 
ceph(du 8 . Here there is only one canal, the right ; anteriorly 
this bends towards the ventral surface and opens by a small 
median pore close behind the nerve-ring. Posteriorly the canal 
does not extend much beyond the middle of the body, where it 
forms a coiled mass, and diminishing in size, opens into the 
body-cavity. The same author also states that both canals in 
Dochmim have a similar internal opening ; these observations, if 
confirmed , 2 show a conformity to the ordinary structure of ex- 
1 SB. Ak. Berlin^ 1891, p. 57. p Hamann subsequently withdrew these statements.] 
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cretory organs which was not supposed to exist in the lateral 
canals of the Nematoda. 

The Reproductive Organs. — With the exception of the 
genera Angiostomum , Pelodytes , and of 
Rhnbdoncma nigrovenosum , which are 
physiologically hermaphrodite and self- im- 
pregnating, the Nematodes have separate 
sexes. The males are, as a rule, smaller 
than the females, and may usually he distin- 
guished hy the posterior end of the body 
being curved towards the ventral surface ; a 
genital bursa, and one or more spicules are 
often found in this sex. Further, the posi- 
tion of the genital opening differs ; in 
the male the vas deferens opens on the ven- 
tral surface of the rectum close to the anus, 
but the oviduct in the female opens in the 
ventral middle line, usually near the middle 
of the body, but sometimes close behind the 
excretory pore, or in some Strongylidae just 
in front of the anus. The tail of the male 
bears very numerous papillae, which are of 
considerable systematic importance. 

■ With rare exceptions, e.g . FU aria atten- 
uata , where it is double, the male reproduc- 
tive organ consists of a single tube divisible 
into a testis proper, a vas deferens, a vesicula 
seminalis, where the spermatozoa are stored 
up, and a ductus ejaeidatorius. The tube 
stretches through the body in a straight line 
in the small free-living forms, but is thrown 
into loops and coils in the larger parasitic 
Nematodes. Within the testis the mother- 
cells of the spermatozoa are attached to a 
rhachis or axial cord ; the mother-cells divide, and their products 
ultimately form spermatozoa. The latter have a very peculiar shape ; 
in accordance with the universal absence of cilia iu the Nematoda 
the spermatozoon has no flagellum, and at first consists of a 
spherical nucleated cell, on one side of which a cap or covering 
of some refractive substance appears. The cap elongates and 
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Fig. 66. — A scarfs lurnhri- 
coid.es Cloq. <$, natural 
size, cut open along 
the dorsal middle line. 
ft, Oesophagus ; ft, in- 
testine ; c, testis ; d, 
vas deferens : ft. lateral 
excretory canals. 
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becomes conical, whilst the protoplasmic portion of the spermato- 
zoon throws out pseudopodia and 
becomes amoeboid, but ultimately 
rounds itself oft’ again. The sper- ^ 

matozoa do not attain maturity 
until they reach the uterus of the 
female. 

The internal female reproductive 
organs are, with few exceptions 
( Trichina , etc.), double, but the 
vagina, which is lined with cuticle 
continuous with that covering the 
body, is always single. They are 
usually much coiled, and may lie 
divided into ovary, oviduct, and 
uterus. The ova arise from a 
poly nucleated mass of protoplasm 
or syncytium (Fig. 05, o) at the d.J. 
upper end, and acquire distinct- 
ness as they approach the oviduct. 

Fertilisation takes place in the 
uterus, but the segmentation may 
not begin until some time after 
the eggs are laid; in Dock mini s*, 
however, it is well advanced at 
this period, and in many genera, 
c.fj. Pseudaiius, Trichina , Dracun - 
cuius , etc., the whole development 
of the larva takes place in the 
body of the mother. 

Embryology. — The eggs of 
many of the parasitic forms re- 
quire a considerable degree of 
warmth to develop. Those of 
Ascaris lumbricoides require a 
temperature of 20° C., those of 
Trichocephalus 22'5° 0., and those 
of Oxyuris vermicular is, 40° (J. 

The latter develop in a few hours, 
the eggs of Dochmius in a few days, whilst those of A. lumbri - 
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coides take weeks or even months, and the young of Tricho - 
cephalus seldom develop within a year . 1 2 The ova only develop 
in a damp .atmosphere, and they can be arrested at almost any 
stage, and for considerable periods, by desiccation. 

Our knowledge of the processes by which the fertilised egg- 
cell develops into the larva is very imperfect. As a rule the 
segmentation is complete and equal ; it results in the formation 
of a blastula, which may take the form of a hollow sphere of 
(?ells — A . viegaloccphala — or the cavity may be reduced, and the 
blastula may consist of a double-layered plate, as in Cucullanus? 
The distinction into cells which will form the three embryonic 
layers, the ectoderm, mesoderm, and endoderm, is very early 
evident, — in the eight-cell stage. By the growth of one side of 
the blastula and the tucking in of the other the blastula become^ 
converted into a gastrula, which is a two-layered stage with a 
cavity opening to the exterior by a, pore termed the blastopore. 
Tn Nematodes the blastopore is elongated and slit-like ; it either 
forms the mouth {Cucullanus) or closes from behind forwards, the 
mouth ultimately arising at the point where the blastopore finally 
closed {lihabdoncma nigrovr nosum). The mesodermal cells lie 
between the ectoderm and the endoderm ; they ultimately develop 
into the muscles of the body-wall, the lateral excretory canals, and 
the reproductive organs; the last-named two systems arise each 3 
from a single cell. The nervous system arises from the ectoderm, 
which also forms the sub-cuticle, and is turned in slightly at the 
mouth and anus ; the remainder of the alimentary canal develops 
from the endoderm. 

The post-embryonic development, which is very variable, and 
in many cases very . extraordinary, will be dealt with under the 
several families. 

Classification. — The classification of the Nematodes is a 
matter of very considerable difficulty; their structure is unusually 
monotonous, and, owing perhaps to their largely parasitic mode 
of life, they show practically none of those external features 
which are so useful to the systematist in other groups. Schneider 
iii his Monograph divides the group into three subdivisions — (i.) 

1 Leuckart, The Parasites of Man , English Trans, by W. E. Hoyle, Edinburgh, 
1886, p. 56. 

2 O. Biitschli, Zcitschr. wiss . Zool. Bd. xxvi. 1876, p. 103. 

3 O. Ham aim, Ccntrlb. Bakter. vol. xi. 1892, p. 501. 
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the Polymyarii, ill which numerous muscle cells are seen in a 
transverse section ; (ii.) the Meromyarii, in which only eight are 
seen, two. in each quadrant; and (iii.) the Holomyarii, in which 
the muscles are either not divided, or only divided hy longitudinal 
lines. This grouping has, however, to some extent broken down, 
since Butsclili 1 and others have shown that the third subdivision 
is founded on insufficient observation, whilst the first two include, 
in different subdivisions, Nematodes which are closely allied in 
all respects except as regards their muscle cells. 

The details of the life-history have been used by other 
writers as a basis of classification. Linstow 2 enumerates fourteen 
distinct modifications of the post-embryonic development (ride p. 
159), and Orley 8 has grouped these under three headings. The 
animals which fall under each group to some extent resemble one 
another in structure. Orley ’s groups are: — 

(i.) Nematozoa. — Thread-worms with free larval life, the 
mature forms being parasitic in animals. Enormous numbers of 
eggs are produced, and the development is indirect. The genital 
organs are complicated by many convolutions. 

(ii.) Rhabditiformae. — Small, as a rule microscopic, thread- 
worms, usually living free, but rarely parasitic. They become 
sexually mature only in decomposing organic substances, or in 
earth saturated with such substances. Tla*y live gregariously and 
do not produce immense numbers of ova. The metamorphosis is 
slight, or is complicated by sexual metamorphosis. The oesophagus 
has two dilatations. The genital tubes are simple and not 
coiled. 

(iii.) Anguillulidae. — Small microscopic tli read- worms, with a 
free existence in mould or water, throughout all stages. They 
produce large eggs. They are provided with a caudal sucker 
and bristles, sometimes with eyes and other structures charac- 
teristic of a free life. Genital tube simple and not coiled. 

The disadvantage of such a system is, that to accurately place a 
specimen in its proper class we must be acquainted with its life- 
history, and this is known in but few cases. 

The determination of the species to which a Nematode belongs 
is a matter of considerable difficulty. Amongst the more important 
features for purposes of classification are the arrangement of the 

1 Zcitschr . u'iss. Z 00 L vol. xxiii. 1873, p. 402. 2 lbul. vol. xlii. 1885, p. 708. 

3 Ann. Xat. Hist. 5th ser. vol. ix. 1882, p. .301 . ^ 
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muscles, the character of the tail in the male, especially when 
papillae are present, the number and the size of the spicules, and 
the arrangement of the lips and mouth-parts generally. 

Cobb 1 2 has recently devised an ingenious formula in which 
measurements of different parts of the body appear as percentages 
of the whole length of the body. The nature of this will be 
understood by reference to Fig. 08. Such a formula should, 
however, be used with caution, since it rests on the assumption 



Fig. 68. — Diagram to explain the inscriptive formula useil for Nematodes. (From 
Cobb.) 6, 7, 8, 10, 6 are the transverse measurements, while 7, 14, 28, 50, 88 are the 
corresponding longitudinal measurements. The formula in this ease is 

7 11 28 50 88 
6 7' 8 10 6 

The unit of measurement, is the one-liundredtit part of the length of the worm. 
The measurements are therefore percentages of the length. 

The measurements are taken with the animal viewed in profile ; the first is taken 
at the base of the oesophagus, the second at. the nerve-ring, the third at the cardiac 
constriction, the fourth at the vulva in females and at the middle in males, the 
fifth at the auus. 

that the proportions of the various parts of the body arc constant 
in different individuals, and it is by no means certain that this 
is the case. 

Taking everything into consideration, it has seemed advisable 
in the following systematic account of the Nematoda to abandon 
the larger groups, and to deal directly with the families. Claus 
distinguishes seven of these, and the diagnoses given at the head 
of each are mainly taken from his Grundziiye dev Zooloyie? 


I. Family Ascaridae. 

Body rather stout. A dorsal and two ventro-lateral lips, 
bearing papillae. Buccal cavity distinct, seldom provided with 
cliitinous armature. The oesophagus often has two dilatations. 

1 Maclcay Memorial Volume, Sydney, 1893, j». 252 ; and Proc. Linn. Soc. N.S. IV. 
2nd ser. vol. v. 1890, |>. 449. 

2 4th edition, 1880. 
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The tail of the male is vent rally curved, and usually there are 
two horny spicules. The Asearidue are found in the intestines 
of their respective hosts. 

Genera : Ascaris, Heterukis , (hr/tiris, Xemato.>ys, th'i/soma, and 
many others. 

Von Linstow 1 enumerates over 2o0 species of Ascaris, of 
which it will only he possible to mention here one or two. They 
are all parasitic in Vertebrata. 

A. I umbricinth’S Linn, is one of the largest known Nematodes 
(<£ = 4-6 in., 9 = 10-14 in.; Figs. 00 and 07). It is a 
common parasite in man, and has been found in the ox. It is 
now generally recognised as the same parasite which inhabits the 
pig, and which Dujardin regarded as specifically distinct, and 
named A. sn iliac. I 11 the latter host, however, it never attains 
the dimensions it does in man. It inhabits tin* upper and middle 
parts of the small intestine, and has been known to escape into 
the body -cavity and set up abscesses there, or to make its way 
into the stomach, and to be. voided through the mouth. It is 
practically cosmopolitan in distribution, and is very common in 
Japan — Baely found it in twenty-one out of twenty-three post- 
mortems — and in Tonquin and tropical Africa. Heller 2 states that 
no one is free from these worms in Finland, and they are common 
wherever there is a plentiful water supply, as in the marshy 
districts of Holland and Sweden. In Iceland alone they seem 
absent. When examined alive they give off an irritating 
vapour which seriously affects some observers, causing catarrhal 
symptoms, which in Bastians case lasted six weeks. The 
usual number found in one host is small, one to six or eight, but 
cases are on record where many hundreds occurred in one 
person. 

The details of the life-history of this form are not yet com- 
pletely worked out. The eggs leave the body of the host with 
the excreta, and formerly it was thought they re-entered the 
alimentary canal in drinking-water, etc., and there developed into 
the adult without change of host. This view has been combated 
by Leuckart, who failed to rear the Nematodes by direct feeding, 
aud it has been noticed that the youngest parasites found in the 

1 Compendium dec Jfelmintholugie , Hannover, 1878, and Xachtrag, 1889. 

3 A. Heller, “ Darnischinarotzeii ” in v. Liemssen’s Haiuib. </. up. Path. n. Ther, 
vol. vii. 




140 


NEMATHELMINTHES 


CHAP. 


intestine are already 2 to 3 mm. long. Yon Linstow lias recently 
suggested that the larval stages may be hatched out in the body 
of the millipede Julus guttulatus , whose habits might easily lead 
it to eat the eggs of the parasite in manured gardens, etc., and 
which is itself sometimes unconsciously eaten when hidden in 
fruit or vegetables. This would account for the frequent presence 
of the parasite in pigs, and also for the fact that in man it is 
commonest in children who are apt to eat windfalls, and in 
maniacs and people with perverted tastes. 

A . mcyalocephala, which is found in the horse, ass, zebra, ox, 
etc., attains even greater dimensions than the foregoing. The 
male rarely exceeds 7 indies in length, but the female some- 
times readies 17 inches. They are found in the small intestine of 
their hosts. Cohbold 1 succeeded in rearing larvae which attained 
a high degree of organisation when the eggs were placed 
amongst moist horse-dung, and it seems probable that the larvae 
pass into the body of their hosts in drinking water; at any rate 
no intermediate host lias yet been found, and Davainc, who fed 
cows, and Leuekart, who fed horses with the unhatched eggs, both 
failed to infect the animals they experimented on. A. mystcix , 
which lives in cats, dogs, and other Carnivora, has also been 
found in man. It is provided with fin-like extensions on the 
side of its head (cf. Fig. 02), and varies much in size in different 
hosts. When first found in man it received the name of A. 
atata. It becomes sexually mature in about three weeks. 

One of the most remarkable cycles of development amongst 
the many curious life-histories met with amongst Nematodes, is 
that presented by Jihabdonema (Ascaris) nigrovenosum . The 
free form of this, formerly known as a distinct species, Jlhabditis 
nigrovemm , lives in the excrement of frogs, and attains sexual 
maturity in a very short time. The sexes pair, and the fertilised 
ova give rise to embryos which hatch out within the body of the 
mother, and then begin to devour her internal organs. After the 
destruction of the mother, the embryos escape and live in water or 
slime, and sometimes burrow into water snails, but they undergo 
no change until swallowed by a frog. Then they make their way 
into its lungs and grow enormously, attaining a length of almost 
an inch. This form, parasitic in the frog, is a protandrous 
hermaphrodite, which first produces spermatozoa and afterwards 
1 Cobbold’s Parasites , London, 1879, p. 246. 
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ova; the latter are fertilised by the sper- 
matozoa, and give rise to rhahditiform 
embryos, which escape hy the alimentary 
canal and form the free-living sexual 
stage mentioned above. Thus in the 
life-liistory of this form we find an alter- 
nation of generation, a sexual free-living 
form alternating with a hermaphrodite 
parasitic form. 

Of the enormous number of other 
species of the genus, only a very few can 
be mentioned. A. tra nsfvya Bud. in- 
habits bears ; A. hptoplcra Uud., lions ; 
A. ferae H. and Ehrbg., Hyraeoidea ; A. 
(lepremt Bud., vultures ; A. ntbinuafa 
Selin., pythons ; A. sulcata Bud., turtles ; 
A . mucronata Selin., the cod and pike; 
A. ineurra Bud., the sword-fish. 

Chyuris is Meromyarian (see p. 137), 
and is characterised by the long capillary 
tail of the female. It includes another 
human parasite, 0 . rermicularis, and it is 
one which it is difficult to get rid of. 
The female has the characteristic tail 
and is about 10 mm. long. The male is 
smaller. They are found in the caecum 
and rectum of man, and cause great irri- 
tation and sometimes serious functional 
disturbance. The eggs are laid in immense 
numbers but perish in water. If whilst 
still in the egg-shell the larvae are 
swallowed on fruit or raw vegetables, etc., 
they are set free in the stomach and 
small intestine by the action of the 
digestive secretions. The distribution 
of this parasite is universal. Besides 
numerous species that inhabit the ali- 
mentary canal of Vertebrates, such as 0 . 


m 



Fih. 69. — A male ami female 
Oxyurin dirsinyi Ham. in. 
nqwfti. x 60. a. Anus ; 
/*, oesophagus : r, hull) ; d, 
testis ; f, intestine ; /, 

ovary. (From tialeb. 1 ) 


ambitjua Bud., found in hares and rabbits ; 0. curvvla Bud., in 


1 Arch. Zool. erprr. 1 ser. tom. vii. 1878, p. '283. 
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the caecum of horses ; 0. megatyplilon Rud., in iguanas ; several 
species inhabit the rectum of insects, such as 0 . blattae , 0. diesingi , 
0. blatticola, found in the cockroach; 0 . spirotheca , And 0. 
hydrophili in the water beetle Hydrophilus } 

The genus Nematoxys has the most complex arrangement of 
muscles of any Mero;myarian, and forms a transition to the. 
Rolymyarian type. The whole body of both sexes is covered 
with numerous irregularly scattered papillae. The members of 
this genus have hitherto been found in snakes, Amphibia, and 
eels ; there are but few species. 

Oxysoma is another small genus with but three species, found 
in the intestines of opossums, frogs, and turtles respectively. 

II. Family Strongylidae. 

Mouth surrounded by papillae ; an armature of teeth or spines 
often present. The chitinous lining of the intestine projects into 
the interior as ridges. No oesophageal bulb. The male orifice at 
the posterior end of the body is surrounded by a bell-shaped bursa. 

Gener.a : Eustvongylus, Strongylus, Uochmius, Sclerostomum, 
Cucullanus, Syngamus, Pseud alius, Ollulanus, and others. 

The genus Eustvongylus includes two species, E. gigas Rud. 
and E. tnbifex Nitsch. The former attains in the female the 
gigantic length of 860 mm., with a breadth of 7 mm. and a 
weight of over 40 grs. 2 The male is a quarter to a third as long 
as the female. This parasite inhabits the kidney capsules of carni- 
vorous animals, especially of those that eat fish, such as dogs, 
seals, etc., and has occasionally been found in man, the horse, 
and the deer. It frequently destroys the substance of the 
kidney. The worms are red in colour. The eggs die when 
exposed to desiccation for a few days, but have been kept alive for 
fifteen months in water ; it is believed by Schneider and Leuckart 
that they are eaten by fish, and that the larvae form, the Filaria 
cystica found in the peritoneal membrane of the fishes Galaxias 
scriba and Symbranchus laticaudatus , and that they pass into 
their final host, where they become sexually mature, by the latter 
eating raw fish. E. tubifex is found in aquatic birds, e.g. ducks, 
grebes, and divers, etc. 

1 Arch. Zool . crper. 1 scr. tom. vii. 1878, p. 283. 

2 Balbiani, Anat. Physiol . 7th yeaT, 1870-71, p. 180. 




VI 


NEMATODA STRONG YLIDAE 


143 


The genus Strongylus is easily recognised by its conspicuous 
genital bursa, strengthened by variously arranged ridges which are 
of specific value. There are numerous species, found in man and 
many 8 other mammals, and also in birds and reptiles. Some*species 
inhabit the intestine, others form aneurisms in the large blood- 
vessels, and cause considerable mortality amongst horses ; others 
live in the tracheae and lungs of cattle and sheep, their presence* 
often causing great loss to the farmer. No intermediate host has 
been satisfactorily demonstrated ; the larvae live in damp earth, 
and it seems almost certain that they pass directly into their 
host with its food. 

Dochmius -( Aneylostomum ) duodenalis , called by Neumann 1 
Uncinaria duodenalis , is one of the most dangerous parasites that 
attack man. It lives in the duodenum and jejunum, and the 
fertilised eggs leave the body of its host with the excreta, and in 
damp earth develop into larvae in the course of a few days. 
These at first eat voraciously, but after undergoing several moults 
they cease to take food and pass into the resting stage. If now 
they are swallowed with drinking water, they come to rest in 
the small intestine of their host, and in a few weeks become 
sexually mature. They cause great harm by burrowing in the 
intestinal walls and destroying the capillaries. They are found 
by hundreds, and even thousands, in the same host, and pro- 
duce profound anaemia, which is frequently fatal to miners, 
and was the cause of a great mortality amongst the workers 
in the St. Gothard Tunnel some fifteen years ago. This 
species is very widely spread over the face of the globe. Dock- 
mins trigonocephala Bud. and D. stenocephala produce similar 
diseases in dogs and cats, and D. ccrnua Crep. is found in sheep 
and goats. 

The genus Cucullanus exists in the adult form in the intestines 
of fishes, and more rarely of reptiles. O. elegans Zed., which live 
in fresh-water fish, e.g . the perch, is viviparous ; after birth the 
young pass into the water and make their way into the aliment- 
ary canal of the small crustacean Cyclops, and thence- into its 
body-cavity. Here they undergo two moults, accompanied by 
certain changes in structure. If this second host be swallowed 
by a fish the parasites are set free, and develop generative organs. 

1 A Treatise on Parasites aiul Parasitic Diseases . English Trans, by G. Fleming, 
London, 1892. 
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Ollulanus tricuspis Leuck., which in the adult state is found 
in the cat, chiefly in the intestine but also in the bronchi and 
other parts, gives rise to larvae which are of enormous size 
compared with the parent ; these leave the body, and if eaten 
by a mouse encyst in its muscles, and if the mouse be devoured 
by a cat, they complete their life-cycle by becoming sexually 
mature. 

The genus Syngamns infests the trachea and bronchi of birds, 
more rarely of mammals. The red- or forked-warm, Syngamus 
trachealis Sieb., is common in poultry and 
game birds, and causes the disease known 
as gapes, which is especially common in 
young birds, and often gives rise to exten- 
sive loss. The peculiarity of this genus 
is that the male is permanently attached 
to the female, its genital bursa being so 
closely adherent to the opening of the 
oviduct that two specimens cannot be 
separated without tearing the tissues. The 
ova are not laid, but escape from the body 
with fully-formed embryos in them, by the 
decay or rupture of their parent’s body. 
They hatch in damp earth or water in 
from one to six weeks according to the 
vtemperature. When swallowed by a fowl 
they develop into adults, which reproduce 
eggs in less than three weeks. Xo second 
host is needed, but the embryos remain 
alive in the alimentary canal of earth- 
worlns > ail( l these doubtless to some extent 

mill magnified four dia- serve to spread the disease, 
meters. The small 6 is 
permanently attached to 

burtS*' (FromWar - III. Family TrichotracheUdae. 

This family is characterised by the anterior end of the body 
being produced into a long whip-like neck. The mouth is small 
and devoid of papillae. The oesophagus is very long, and it 
traverses a peculiar strand of cells. 

Genera \ Trichocephal us, Trichina, Trichosoim , and others. 

1 Journ. Roy. Agric. Soc. 3rd series, vol. iv. 1893. 
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Trichocephalus dispar Iiud. ( hominis Gruel.) is common in 
man, and also occurs in 
some species of monkey. 

It does not live freely 
within the intestine, but 
buries its long whip-like 
anterior end in the mucous 
lining of the caecum or 
colon. The eggs pass out 
of the body of the host. 

The development of the 
embryo is slow, lasting 
many months ; whilst still 
in the egg-shell the em- 
bryos are swallowed, and 
give rise to the sexually - 
mature parasite without 
the intervention of an 
intermediate host. They 
are by no means uncom- 
mon. Davaine calculated 
that about 50 per cent of 

the inhabitants of Paris Klu ‘ ^.-Trichocephalus dispar Ru<l„ attache! to 

part ot the human colon. x ‘J. 

were infested witli them, 

but they give rise to little disturbance, and only very occasionally 
cause serious harm. T. atfinis Bud. infests sheep ; T. crenatua 
Bud. the pig; T. dcpressiusc ulus Bud. the dog; and T. unyui- 
culat/us Bud. the hare and rabbit. 

The genus Trichosoma , with many species, is as a rule found 
in birds, but it occurs also in mammals, as r J\ plica Bud. in the 
bladder of the fox and wolf, T. felis cati in the bladder of the 
cat, T. aeropliilum Duj. in the trachea of the fox and marten. 
The chief interest of this genus is that, at any rate in T. 
crassicauda Bel., which infests the rat, the dwarf inales live two, 
three, or four at a time within the uterus of the female, a con- 
dition of things which recalls the similar arrangement found in 
the Gephyrean Bonellia. . 

Trichina spiralis is the cause of the well-known disease 
trichinosis, which appears in two forms, intestinal and muscular, 
according to the habitat of the parasite. The mature forms of 

VOL. II L 
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both sexes .are found in the intestine of man and many other 
mammals. They have been experimentally developed in birds, 
though in the latter the larval forms have never been observed. 
By keeping such cold-blooded animals as the salamander at a 
constant temperature, Goujon and Legros succeeded in infecting 
them, but the larvae perished as soon as the .artificial heat was 
withdrawn. Muscular trichinosis is unknown in fishes, but the 
sexual form develops in their intestine. 

The adult parasites of the intestine are scarcely visible to 
the naked eye; the females are 3 to 4 mm. long and more 
numerous than the males, which measure 1*4 to 1*6 mm. 
The eggs are very numerous, a single female containing at 
one time 1200, and probably producing ten times as many 
during her life. The embryos are hatched out within the uterus, 
and the larvae leave the body of the mother through the 
generative pore. The minute larvae bore through the intes- 
tinal walls of their host, and then, either burrowing in tin*, 
tissues or swept along in the stream of blood or lymph, make 
their way all over the body, and come to rest most usually 
in the muscles, but occasionally in other parts. When the 
larva reaches* its resting-place, it either pierces the sarcolcmma 
and establishes itself within the substance of the muscle- fibre, 
or it comes to rest between and not in the fibres. Here 

its presence sets up the formation of 
a spindle-shaped cyst which usually 
contains but one larva, though any 
number up to seven have been found 
in one cyst. Within this the larva 
may remain dormant for years, the 

Fio. 72 .— Trichina spiralis Owen, w .jp s u f the cyst gradually undergoing 
encysted m muscle, a 9 Cal cure- r> j r> © 

ous deposit. Highly magnified, a fatty or calcareous degeneration. 
(From Leuckart.) Almost any muscle may be affected ; 

those most usually infested being the muscles of the diaphragm, of 
the shoulder-blade, and of the lumbar region ; the larvae have also 
been found in the heart. The ends of the muscles near their 
points of attachment are always the most thoroughly infested. 

The number of the encapsuled larvae in one host is enormous. 
Leuckart counted between 12,000 and 15,000 in a gramme of 
muscle, which would give a total of thirty to forty million para- 
sites in one host ; otter estimates place the total even higher. 
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When trichinisecl meat is eaten, unless it has been thoroughly 
cooked, the cysts are dissolved and the larvae are set free. Within 
three or four days they become sexually mature and their ova 
begin to segment. The males after a time leave the body with 
the excreta and perish, whilst the larvae of the new brood make 
their way into the tissues of the host. 

Man usually acquires trichinosis by eating uncooked or im- 
properly-cooked pork, and the disease is so widely spread and of 
such a serious nature that most civilised countries have adopted 
rigorous methods for the detection of trichinised meat. The pigs 
either acquire the disease by eating uncooked swine’s flesh, which 
is frequently given them in the form of offal, or by devouring 
rats, which are very susceptible to the disease. 

IV. Family Filariidae. 

Mouth with two lips, or without lips. Six oral papillae often 
present, and sometimes a horny oral capsule. Four pre-anal 
pairs of papillae, and sometimes an un mired one as well. Two 
unequal spicula or a single one. 

Genera : Filar ia , Ichtliyonema , Hystrichia , Spiroptcra, L)i$- 
pharayus, and others. 

The genus Filaria is a very large one. Like Ascaris, it is 
confined to Vertebrates, but usually lives in the tissues of the 
body and not in the intestines. F ( Dracunculus ) medinensis 
Gmel., the guinea- worm, is well known as a human parasite in 
hot countries ; it also occurs in the horse and dog. The female 
has an average length of 50 to 80 cm., but gigantic forms with 
a length of 4 metres have been described. The alimentary canal 
is degenerate. In adult females the body is completely occupied 
by a uterus crowded witli eggs and embryos, which can only 
escape by the rupture of the mother’s body, as the genital ducts 
have disappeared. Its original home is tropical Asia and Africa, 
but it has been introduced into South America with the negroes. 

The female lives coiled up in the subcutaneous tissues, usually 
in those of the legs. Its presence gives rise to painful tumours. 
When these break the female protrudes, and may be withdrawn 
from the body by very carefully rolling it round a stick or pencil. 
This must be done very slowly, a few inches a day, as the rupture 
of the body sets free the contained embryos, and may result in 
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the death of the host. The embryos normally bore their way 
into the body of the fresh-water Cyclops, and are re-introduced 
into their Vertebrate hosts with the drinking-water. It is 
usually stated that the female alone is known, and that it is 
uncertain whether it is hermaphrodite or whether both sexes are 
present in the Cyclops. Recently Dr. diaries 1 has described a 
specimen found in the mesentery of a human subject, from an 
orifice in the middle of whose body lie was able to draw a much 
smaller specimen, and he thinks this may be the long-sought- for 
male. 

Filaria immitis Leidy, the cruel worm, is common in dogs 



FiO. 73. — A, View of the heart of a dog infested with Filaria immitis 2 Leidy ; the right 
ventricle and l»ase of the pulmonary artery have been opened, a. Aorta ; b, pulmonary 
artery ; c, vena cava ; rl, right ventricle ; <?, appendix of left auricle ; appendix of 
right auricle. B, A female F. immitis removed from the heart to show its length. 
Natural size. 

in China and the East generally. It is not unknown in America 
and Europe. It occurs in such large clusters in the right ventricle 
that it is difficult to see how the circulation can proceed. The 
intermediate host is unknown, but from the prevalence of the 

1 ScL Mem. Medic. Officers , Army of India, vol. vii. 1892, p. 51. 

2 Shipley, Proc. "Phil. Sue. Camb. vol. viii. 1892-95, p. 211. 
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disease in marshy country it is probably some aquatic animal. 
The larvae are said by Manson to disappear from the peripheral 
circulation of the dog during the day, but not to such a marked 
extent as do the F. sanguinis hominis Lew., var. nocturna Man. 
They were found by Galeb and Tourquier in the foetus of an 
infested bitch, a fact which establishes the transmission of such 
parasites through the placenta. 

Filaria sanguinis hominis nocturna. — The female of this 
parasite has been described as living in the lymphatic glands of 
man. The embryos escape from it into the lymph, and thus 
reach the blood. According to Manson the intermediate host is 
the mosquito, in whose stomach the embryos undergo their larval 
changes. When the mosquito dies the larvae escape into the 
water, and then make their way into the alimentary canal of 
man, where they are believed to pair, and whence the female 
makes its way to the lymphatics. The presence of this Filaria 
causes great functional disturbance. One of the most remarkable 
features of it is that the larvae, which are very numerous in the 
blood during the night, disappear during the day, and are not to be 
found. Recently Manson 1 has described two new varieties : F. s an. 
hum. tliurna , in which the conditions of tilings are reversed, the 
larvae being found by day and not by night; and F. sun. hunt, 
per stmts, in which the larvae occur both by day and by night. The 
larvae are long-lived, and were found by Manson in the blood of 
a negro who had not been in Africa, where it is endemic, for six 
years. The same observer is inclined to associate the presence 
of F. san. horn, perstam with the fatal disease known as " sleeping 
sickness.” He also suggests that the mature form of the variety 
(liitrna is the F. loa, which is not uncommon in the eyes of 
negroes, and that its intermediate host may be one of the blood- 
sucking Hies so common on the west coast of Africa. 

The genus Ichthyoncma is confined to fishes. The male is 
very minute and the female partly degenerate. It has no anus 
and no external opening to its generative organs. The uterus 
fills up almost the whole of the body-cavity. /. sanguineum 
Rud. is found encapsuled in the peritoneum of many fish. 

Jfgsirichis and Dispiharagus are confined to birds, where they 
occur in the oesophagus and stomach. Kpiroptera reticulata 

1 “The Distribution, etc., of Filaria sanguinis hominis" Trans, of 7 th Inter . 
Congress of Hygiene , vol. i. 1892, p. 79. 
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Crep. occurs in horses, twisted in a spiral round tendons and 
muscles, forming tumours which require to be opened. 

V. Family Mermithidae. 

Nematodes without anus and with six mouth papillae. Two 
spicules in the males and three rows of numerous papillae. 

Genera : Mermis , Brady nema, Atractonema , Allant onema, 
Sphaernlaria , and others. 

As a rule the Nematoda show but little trace of their parasitic 
mode of life, but in this family there is considerable degeneration, 
and in extreme cases the body of the female is reduced to a simple 
sac crowded with eggs. They are exclusively parasitic in insects. 
In some respects their structure shows a transition towards 
Nectonema and the Gordiidae ; especially is this the case in the 
structure of their ventral nerve-cord. 

The sexual form of Mermis nigrescens Duj . 1 lives in damp 
earth, and after storms and in the early morning is sometimes 
found in such numbers crawling up the stalks of plants, as to 
give rise to the popular idea that there has been a shower of 
worms. The male is unknown ; the female lays her eggs in the 
ground, and there they hatch out. It is not known exactly how’ 
the larvae make their way into the grasshoppers in whose body- 
cavity they live, but in an allied species, M. albicans v. Sieb., 
the larvae have been observed boring their way into small 
caterpillars through their skin, and it seems probable that the 
larvae of M. nigrescens burrow in a similar way into young 
Orthoptera. 

Bradynema rigidum Leuck . 2 is found in the adult stage living 
freely in the body-cavity of a small beetle Aphodius fimetarius, one of 
the Scarabeidae, from two to three to as many as thirty being found 
in one host, w T hich does not seem much injured by their presence. 
The parasite is without mouth, anus, or excretory pore. The 
eggs hatch out in the uterus of the mother, and the larvae are 
male and female; they make their way into the body-cavity of 
the host, and here they pass an unusually long time, five months, 
soaking in osmotically the nutriment contained in the blood 
of the insect. Eventually they burrow through the walls of 

1 v. Linstow, Arch, mikr . Anat. vol. xl. 1892, p. 498. 

2 zur Strassen, "Zcitschr. wiss. Zool . vol. liv. 1892, p. 655. 
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the intestine, and leaving the body of their host through the 
anus, find their way to the earth. Here, according to zur 
Strassen, the females die without playing any part in the per- 
petuation of the species. The males, on the other hand, having 
developed spermatozoa whilst in the larval stage (paedogenesis), 
afterwards form ova, and are in fact protandrous hermaphrodites, 
and become the mature parasites of the beetle, though how they 
enter the body of the host is unknown. 



Fig. 74. — AUantvnema 

mirabile Leuck. (From 
Ijcuckurt.) A, Male 
Rhabditis stage, sexu- 
ally mature, x 100 ; 
B, the mature female 
parasitic form, x 17, 
showing at the upper 
end part of the cap- 
sule richly supplied 
with the tracheae of 
the host, a beetle ; C, 
female Rhabditis stage, 
sexually mature, x 
100 ; D, the larva de- 
veloped from the 
Rhabditis form, x 
102 . 


The phenomenon presented by the hermaphroditism of Brady - 
nema is, as far as we know, at present unique, as, though some 
other Nematodes are hermaphrodite, in their case the her- 
maphrodite form alternates with a bisexual generation. It is 
further interesting as showing a means by which hermaphro- 
ditism may arise, by the suppression of the females and the 
assumption of their functions by the male. In the case of 
Bhdbdonema nigrovenosum , no females appear in the alternate 
generation. 
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A similar protandry exists in the parasitic forms of Allantonema} 
of which there are several species — A. mirahiU in Hylobius pini, 
A . sylvaticum in Geotrupes sylvatica , A. diplogaster in Tomicus 
typographies ; hut in their case the male and female forms which 
leave their host pair in the damp earth and give rise to larvae 



Fi<». 75. — A tractonema tjihhimim Leuck. (From Leu ck art.) 1, Female with* commenc- 
ing prolapsus of the uterus ami neighbouring parts, x 130 ; 2, a further stage, the 
female being now sexually mature, x 15 ; 3, a still older stage, with commencing 
degeneration of the body of the female, x 15. 

which make their way into the hody of the beetle-grubs. Here 
they undergo very extensive retrogressive change. The body of the 
female, which becomes the shape of a thick sausage, i8 encapsuled 
and surrounded hy a curious hypertrophied network of tracheae 
(Fig. 74). As is usually the case with the degenerate parasitic 
forms, there are practically no organs but the ovary, and this is 
1 Rud. Leuckartr-4&&. Sticks. Ges. vol. xiii. 1887, p. 56 7. 
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embedded in a fatty parenchyma which HI Is all the space within 
the skin. 

Atractonema gibbosum, which lives in the body-cavity of the 
larva of Cecidomyia pirii, has a similar life-1 tistory, blit the parasitic 
form has a structural peculiarity which merits attention (Fig. 75). 
At the time of sexual maturity a swelling, which is caused by the 
prolapsus of the uterus and vagina, appears at the posterior end 
of the body ; this swelling increases until it equals the rest of the 



Fig. 76. — Four stages in the life-history of Sphnerularia bomhi Dnfonr, 9. (From 
Leiickart.) A, Beginning of the protrusion of the uterus ( b ), x 66 ; B, later stage, 
x 66 ; C, later stage, x 12 ; D, the protrusion is complete, x 6. In each case a 
represents the Nematode, ami b its protruded uterus. 


body of the Nematode in size. Even this is far surpassed by a 
similar protuberance i n Sphnerularia bomhi, where the evaginated 
sac grows with such extreme rapidity that in a few weeks its 
length increases from *25 mm. to 15 mm. and its volume 60,000- 
fold, the increase being due, according to Leuckart, to the increase 
in size of the individual cells and not to their multiplication. 
The Nematode wjiich has produced this enormous growth gets 
relatively smaller and smaller, and ultimately drops off (Fig. 76). 
The sexual larvae which arise from th& eggs in this sac leave the 
body of the bee in which this species is parasitic by the anus. 
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and may live in damp earth, moss, etc., for months without taking 
nourishment, until the autumn, when they become sexually mature 
and, according to Leuckart, pair. The fertilised female is believed 
to bore her way into the humble-bee whilst the latter is seeking 
her underground winter quarters ; this accounts for the fact that 
only queen bees are infected. The parasite is widely distributed 
both in Europe and North America ; it is found in many species 
of Bombas , but most frequently in B. lapidarius and B. terrestris . 
The presence of the Sphacrularia affects the reproductive organs 
of the host, and reduces their fertility, so that an infected queen 
bee never succeeds in forming a colony. 

VI. Family Anguillulidae. 

For the most part free living and of small size. The oeso- 
phagus has usually a double swelling or two oesophageal bulbs. 
The male lias two equal spicula. 

Genera : Viplogaster , Morionchus, BhabdUis , Tylench us , Anguil- 
lula , and many others. 

Many species of this family live in humus or decaying matter : 
others live on, or are parasitic in, plants ; some, such as Anguil- 
lula aceti, which is found in vinegar and in paste, live in organic 
fluids. 

The part played by the presence of these Nematodes in the 
soil is not thoroughly understood ; sometimes they occur in great 
numbers, and even when not directly parasitic in plants, probably 
do them much damage. Cobb 1 has recently described from 
Australia and Fiji over eighty species, one-half of them new, which 
occur mostly in the earth, and many of them among plant roots. 
They frequently crawl up on to plants, especially on to seedlings. 
An instance of this is given as follows : “ The edible part of three 
bunches of nice-looking celery bought of a Chinaman in Sydney 
was cut otf as far up as it was tender, nearly to the first leaflets. 
It was washed by hand in a tin dish in tank water, free from 
Nematodes. The washings gave about 200 to 300 Nematodes, 
belonging to five different genera.” 

It is very probable that many of the free-living forms which 
have received distinct specific names may ultimately turn out to 
be but stages in the life- history of some of the parasitic species. 

1 Macleay Memorial Vol. Sydney, 1893, p. 253. 
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Yon Linstow 1 lias pointed out that the free form of A. 
diplogaster , if found alone, would lie placed in the genus IKplo- 
ij aster ; similarly the bisexual form of Ascaris nigrovenom is known 
as Khabditis nigrovenosa. 

Those Nematodes which live parasitically in plants, c.g. many 
of the genera Tylenckus and Aphelenehus and Heterodox 1, as 
well as those which only pierce the epidermis of the roots (the 
remaining species of the above-named genera), are provided with 
a spine which works to and fro through the mouth and assists the 
animal to bore into the tissues of the plant. Tylenckus dcimstalrix 
lives and reproduces in leaves and stems (never in the roots, 
except in the case of hops 2 ) of many cultivated plants, such as 
rye, oats, onions, etc. "Clover sickness” is probably caused by 
this Nematode. The plants become infected by the thread- 
worms in the soil during the spring ; their presence causes swell- 
ings and often kills the plant, in which case the worms return to 
the soil or remain in the straw. 


Tylenckus tritici Need, is the cause of “ ear-cockles ” in corn. 


These take the form of brown 
or purple galls, which replace 
the grains of corn, and which 
contain hundreds of minute 
Nematodes. In these galls 
they are motionless, and are 
capable of surviving in dry- 
ness for at least twenty years ; 
but when moistened, — for in- 
stance, by the gall falling on 
damp earth, — they resume 



their vitality and make their 
way to the young wheat 
plants, and then, wriggling 
up the leaves and stems, 
find their way to the ear. 
Here they pair, and produc- 


Fro. 77. — A, tt y Female Heterodera scliacMU 
Schmidt, breaking through the epidermis of 
a root ; the head is still embedded in the 
parenchyma of the root : B, larvae boring 
their way into a root ; by larva of the immobile 
kind surrounded by the old skin, living as 
an ectoparasite on the outside of the root. 
(From Strubell.) 


ing a gall-like growth in the flower, lay numerous eggs, from 


which arise the Nematodes of the ear-cockle. 


Heterodera sckachtii 3 Schmidt, is the cause of the “ beet sick- 


1 Centrbl. Balder, vol. viii. 1890, [>. 489. ! J. Peroival, Nut. S'ci. vol. vi. 1895, j>. 187. 

* A. Strubell, Bibl. Zool. Bd. i. Ileft 2, 1888, [>. 1. 
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ness,” and. forms galls or swellings on the roots of many plants, 
in England especially on the roots of tomatoes and cucumbers. 
The free larvae live in the earth and make their way into 
the smaller rootlets ; here the female larvae shed their skin, lose 
their characteristic Nematode form, and become citron -shaped 
(Fig. 78, if). The male larvae undergo a change, and after 
a period of rest cast their skin and, leaving the rootlet, seek 
out the females. The female does not undergo this second 
ecdysis, but its generative organs grow and mature in what is 



Fio. 78.— A, Male He- 
tcrodera schachtu 
strongly magnified ; 
«, head lappets ; h, 
mouth cavity ; c, 
spine ; tl, muscle 
of spine ; c, gland ; 
/, oesophagus ; //, 
hull) ; h, nerve-ring ; 

excretory pore ; J, 
intestine ; A', testis ; l, 
intestine ; m, muscles 
moving spicule ; n, 
spicule : B, first mo- 
tile larva : C, second 
immovable parasitic 
larvacastingitsskin: 
D, a female with one 
half of the body- 
wall taken away to 
show the coiling 
generative organs ; 
a, boring apparatus ; 
It, oesophageal bulb ; 
r, excretory pore ; d, 
alimentary canal ; r, 
anus ; J\ ovary : E, 
a male shortly be- 
fore casting its larval 
skin. 


practically a larval stage. The embryos develop within the body 
of the mother, and, escaping through the uterus, ultimately cause 
her death. They then make their way into the earth. The cycle 
of the development takes but four or five weeks, so that, as in the 
c*i,se of Tylenckus devastatrix, there fire several broods in a year ; 
T. tritici , on the other hand, has but one. 

Vuillemin and Legrain 1 point out that while Heterodera is 
injurious to cultivated plants growing in damp soil, its pres- 
ence is advantageous to those that grow in deserts. It is very 
common in the Sahara, and attacks many plants which are 
1 V. Ji. Ac. Sci. cxviii. 1894, p. 549. 
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immune from it elsewhere. It causes the rootlets to swell out, 
and the bladder -like extensions thus formed act as reservoirs 
for water. 

Many other species attack plants ; Tylenchus millefolii Low 
forms galls on Achillea , T. dipsaci Kuhn, on the teazle. They 
all seem to have great powers of resisting desiccation. The 
former species, when dried and placed in a herbarium in May, 
gave rise to active worms when moistened the following October; 
and the corn eel-worm is said to survive twenty-seven years in a 
state of suspended animation. On the other hand, although these 
Nematodes like moisture, they cannot withstand submersion in 
water for any time. They can resist a considerable degree of 
cold, and a species, Aphdcnchus nivalis Auriv., 1 has been described 
from Spitzbergen, where it lives in the snow amongst a small 
red alga, Spliaerdla nivalis . 

VII. Family Enoplidae. 

Small, as a rule free-living, usually marine Nematodes, with- 
out a second oesophageal bulb. Eyes and mouth-armature often 
present. Fine hairs and bristles sometimes surround the mouth. 

Genera : Enoplvs , Dorylaim-m , Enchelidium , and others. 

The genus Enoplus is exclusively marine, living amongst 
Algae and Hydroids in shallow water and moving actively about, 
but never coiling into spirals. I)e Man 2 describes Enoplvs 
brevis East, as being attacked by a plant parasite, probably a 
Bacterium, of a greenish colour, which infested the muscles and 
gave them a peculiar colour. 

Numerous other species have been described by l)e Sl'an 
from the coast of Holland. It is probable that some of them are 
the free stages of parasitic forms ; a brackish water species found 
in the East Indies ( Dorylaimus palustris ) is regarded by Carter 
as the larva of Filaria medinemis . Oncholaimus echini Leyd. is 
parasitic in the intestine of the sea-urchin Echinus csculentus . 
Tricoma cine t a 3 has a strongly striated cuticle, which gives it 
almost the appearance of segmentation. Fimbria tenuis lias 
numerous hairs on the tail, and the mouth is surrounded by 
bristle-bearing papillae. 

1 Biluing Sveuska Ak. II arul L viii. No. 11, 1883. 

2 Anat. Untersuch . ii. frcilcbende Nordscc-Ncmatodciu Leipzig, 1886. 

3 Cobb, JP. Linn . Soc . N. S. Wales , 2nd ser. viii. 1893, p. 389. 
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Here must be mentioned two families closely allied to the 
true Nematodes. 

(i.) Chaetosomatidae. — This family 
includes three genera : Chaetosoma, 
Jthabdo (/aster, and Tristicochacta. Ac- 
cording to Metsclmikoff, 1 although they 
are not true Nematodes, they have 
a great likeness to the group. Ke dis- 
tinguishes them from the swimming 
members of the group as “ creeping 
Nematoda.” Chaetosoma , of which 
two species are known, C. ophieephalum 
and C. daparedii , has a head distinct 
from the body (Fig. 79). The mouth 
is at the anterior end, surrounded 
by a double semicircle of movable 
spicules; the whole body is covered by 

Kju. 79. — Mature female of <'h«c- fine hairs, and on the ventral surface, 

to8u iimdaparcdU Metscliui., x j ust j u front of the anus, is a double 
5/. (From Metschmkoff.) a, ° . 

Oesophagus ; h, intestine ; c 9 row ol about fifteen cylindrical pro- 

amis; tl, ovary ;<■, generative Wi onH j,y 
pore ; A ventral bristles. 11 J 

whose agency 
the animal creeps. The female U. 
daparedii is 1*5 min. long, the male 
1*14 mm. They were found creeping 
about on sea-weeds in the neighbour- 
hood of Salerno. 

The genus Tristicochacta 2 differs 

from the foregoing in having three rows 

of locomotor projections instead of two. 

Rhabdog aster has no head distinct 

from the body, though the anterior 

part of the body is swollen. A 

second swelling occurs, as is also the FI . SO. — Tristicochaeta inari - 
. . , yv 7 . . . mense Panceri, in one of its 

case with Chaetosoma , in the region most usual positions, showing 

of the opening of the genital ducts. tri i >le of vulltr ; l J 

1 . b 7J , . 7 . bristles, x 100. (From Panceri.) 

The female m Mh. cygnoules attains a 

length of 0*36 mm. In this genus the hairs are confined to 

1 Zcitschr. iviss. Zool. lid. xvii. 1867, p. 539. 

- Panceri, Atti Acc . Napoli, vii. 1878, No. 10. 
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the dorsal middle line. Tlie locomotor projections are hooked, 
and are much finer than those of Chaetosoma , and they are 
situated farther forward than in the last-named 
genus. Bhabdogaster occurs in the same 

surroundings as Chaetosoma . Ch. ophicephalum 
is recorded from the English Channel. 

(ii.) Desmoscolecid&e. — The members of 
this family are minute, and are characterised 
by the presence of well - marked ridges 
which surround the body and give it 
an appearance of segmentation. The head, 
which is somewhat swollen, bears four bristles, 
and single pairs are borne by a certain num- 
ber of the ridges, some on the dorsal and 
some on the ventral surface. These hairs can 
l)e moved independently of one another. Two 
red eye-spots are described between the fourth 
and fifth rings. The sexes are distinct, and 
the internal organs generally have a marked 
resemblance to those of the true Nematoda. 

The Desmoscolecidae move by looping their 
bodies after the manner of the Geometrid 
caterpillars, as well as by creeping with their 
1 >ristles. The genus contains numerous species 1 : V 

L K minutus Clap. (English Channel), JK nema- e! 

toid.es Greef, J). adelphus Greef, IK chaetogaster \J 

Greef, I), elongatns Paneeri, and JK lanuginosa Fm. 81 ■ Female Des- 

, . .... • moHColex cl on flatus 

Pancen. J hey are exclusively marine. Paneeri, ventral 

Trivhodcvma oxucatulatum Greef 2 is a view, x 260. «, Ovary. 

. . n * . i • i i (From Pancen.) 

minute animal, 0*3 mm. long, which has no 
head or ventral spines, but whose body is ringed and covered with 
long hair-like bristles. The male has two spicules, and tin', internal 
organisation recalls that of other Nematodes ; still its ringed body 
has induced some authorities to place it near to Desmuscolex. 


a-—-* 


The Life-History of Nematodes. 

Although, considering the enormous number of species of 
Nematodes and the remarkable diversity of tlie conditions under 
J Paneeri, AUi Acc. Najwli , vii. 1878, No. 10. 2 Arch . Nalurg, 35 (i.), 1869, p. 112. 
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which they live, their bodily structure shows a very striking 
uniformity, the same is by no means the case with their life- 
history, which exhibits an astounding variety. Yon Linstow 1 
has arranged the various modifications, which occur under four- 
teen heads. He includes in his list the Gordian worms, which 
we have placed under a different heading. The following account 
has been taken from his paper, with a few alterations : — 

1. The embryos develop, with a larval stage and without any 
change of medium, directly into the mature sexual forms. They 
live in fresh, brackish, or salt water, in plants, in the earth or 
in decaying organic matter : examples, Dorylaimus , Enoplus, 
Plectvs , Manky stem . 

2. The larvae live in the earth, the sexual forms in plants : 
examples, Tylenchus tritici and 7\ devastatrix, Heterodera schachtU 
(Figs. 77 and 78). 

3. The larvae live in animals, after whose death and decay 
they are set free and develop into the sexual animals in the earth : 
example, Bhabditis pellio . 

4. The bisexual forms live in the earth, and the fertilised 
females bore into animals (insects), and here produce embryos : 
example, Sphaerularia bombi (Fig. 76). 

5. The bisexual forms live in the earth ; the females do not 
develop, but the males make their way into Insects (Beetles), 
and becoming hermaphrodite, develop ova which give rise to the 
bisexual form: example, Brady nema riyidum. 

6. The larvae live in the earth, the sexual form in Vertebrates : 
examples, Dochmius, Strongylm. 

7. The Nematode lives as a hermaphrodite in animals, the 
offspring of this, by an alternation of generations, become sexual 
in the earth : example, Bhahdonema in Frog. 

8. A bisexual free form gives origin to a bisexual parasitic form 
living in an animal : example, Leptodera appendiculata in Snails. 

9. The eggs develop in the earth, and give rise to embryos 
which are transferred whilst still in the egg-cell to the body of 
an animal. The embryos hatch out and form bisexual parasites : 
examples, Oxyuris, Trichoceplialus. 

10. The larvae live in insects, the sexual worms in water or. 
in the earth : example, Mermis. 

11. The larva lives encapsuled and is passively transferred to 

1 Zeitsclir . wiss. Zool . Bd. xlii. 1885, p. 708. 
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a second animal : examples, Ollulanus , from Mouse to Cat ; Cucul- 
lanus clegans , from Cyclops to Perch ; Spiroptcra obtusa, from 
Meal-worm to Mouse. 

12. The sexual form lives for a short time in the intestine of 
a Vertebrate, and produces larvae which bore through the intes- 
tinal wall and become encapsuled in the tissues : example. 
Trichina spiralis . 

1 3. The sexual animal lives in the trachea of birds ; the ova 
containing embryos are coughed up and are taken into other 
birds with food. They quit the egg-shell and wander into the 
air-sacs, and finally into the trachea : example, Syngamus. 

14. There are two larval forms ; the first lives in water, the 
second in the lungs of Amphibia, whence they wander into the 
intestine and become sexually mature : example, Ncmatoxys longi - 
cauda in Triton alpcstris. 

Parasitism. 

1. Effect of Parasitism on the Parasite. — The usual effect 
of parasitism on the parasitic organism is that the various organs 
necessary for a free life tend to degenerate, whilst there is a 
multiplication and development of organs of adhesion, by means 
of which the parasite maintains its hold on its host. There is 
further an immense increase in the powers of reproduction, which 
may take the form of an increase in the number of fertilised eggs 
produced, or the parasite may at some time of its life reproduce 
asexually, by budding, or fission, or parthei logetically. 

Of the various classes of animals which are more or less para- 
sitic, the Nematodes show less difference between the free-living 
and parasitic members of the group than obtains in any other 
class. With few exceptions, such as Sphaeritlaria , Allantonema , 
and one or two others, the parasitic forms have undergone but 
little degeneration. It is true that they have no eyes such as 
the free forms often possess, but in other respects, such as in the 
nervous, muscular, and digestive systems, they do not show any 
marked retrogression ; further, the mouth-armature is developed 
in many free forms, and is not confined to the parasites. 

The group has developed no methods of asexual reproduction 
by budding or fission, such as are found in Platyhelminthes ; and 
the cases of an alternation of generations in which a sexual form 
alternates with a parthenogenetic form, are rare, e.g. JRhab - 

VOL. II M 
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donema nigrovenosum ; and it seems possible that even when 
parthenogenesis lias been described, further observation may show 
that the parthenogenetie stage is really a protandrous hermaphro- 
dite, in which ease the alternation of generations in Nematodes, 
is. the hermaphrodite alternating with the dioecious form, is a case 
of kctcvogamy or the alternation of two sexual generations. 

On the other hand, parasitic Nematodes produce enormous 
numbers of eggs. Van Beneden states that 60,000,000 have been 
computed in a single Nematode, and this multiplication of ova is 
absolutely necessary, for the chance of the embryo reaching the 
right host, in which alone it can develop, is always a small one. • 

It is a common thing to find that parasites are either herma- 
phrodite or that the male is degenerate, as is the case with many 
of the parasitic Crustacea, but with one or two exceptions the 
Neinatoda are bisexual, and although, as a rule, the males are 
smaller than the females, they show no other trace of degeneracy. 

Tn spite of the fact that the class as a whole shows but few 
special modifications consequent on a parasitic mode of life, it is 
clear that the Nematoda are peculiarly adapted for such a mode of 
life. Their elongated thread-like bodies afford little resistance to 
the passage of the food, which, as it passes through the intestine 
of the host, might tend to carry the parasites out of the body. 
At the same time their shape enables them to pierce and wriggle 
through the various tissues without making any very serious 
lesions such as might prove fatal to their host. Their extra- 
ordinary power of resisting desiccation both in the egg and in 
the adult state vastly increases their chances of ultimately hit- 
ting on the right host. They are capable of living in a state of 
suspended animation for months, and even years when dried 
(vide p. 136), and of resuming their activity on being moistened. 

The great faculty this group shows for living parasitically is 
evinced by the extraordinary variety of life-history presented by the 
different species. There is scarcely a stage which may not be para- 
sitic ; the eggs, the larvae, the adults are all in some cases free, in 
others parasitic, and in many cases first the one and then the other. 

2. Occurrence and Effect of the Parasite on the Host. — Von 
Linstow states that the only law that can be derived inductively, 
from the study of the life-history of Nematodes is that those that 
live in animals never pass through all their stages of development 
in the same organ ; consequently, in considering the distribution of 
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the parasites within the body of their host we have a double habitat 
to consider. Many forms, such as Trichina spiralis , wander from 
the intestine to the muscles ; others, such as Filaria medinensis , 
from the alimentary canal to the lymphatics or blood vessels or sub- 
cutaneous tissues. Others pass from the body-cavity to the intes- 
tine, as the Mermithidae, which infest Insects, or from the stem and 
leaves of a plant to its flower, as in the case of Tylcnchus tritici. 

With regard to their occurrence in the different classes of the 
animal kingdom, they have been most frequently observed in 
Vertebrates and in Insects. They are comparatively rare in 
the other large divisions. Many genera are confined to certain 
hosts : thus Ascaris, Filaria , Tricliosoma occur only in Vertebrates ; 
Spiroptcra (with one exception) in Mammals and Birds ; Cucul- 
lanus in Fishes and Amphibia ; Stronyylus and Physaloptera in 
Mammals, Birds, and Reptiles ; JJochmius , Pscudalius , Tricho - 
cephalus in Mammals ; JJispharagus , Hystrichis , Syngamus in 
Birds ; Nematoxys , Ilcdruris in Amphibia and Reptiles ; Ichthyo - 
nema in Fishes ; and Isacis and Mermis in Insects. 

Twenty-two species have been described as parasitic in man, 
of which perhaps the most dangerous are Filaria medinensis, 
the three varieties of F. sanguinis hominis ; JJochmius ( Ancylo - 
slomuni) duodenalis , and Trichina spiralis . The Ascaridae, as 
Ascaris lumhricoidcs and Oxyuris vermicularis , though painful, 
seldom cause death. 

The enormous number of parasites harboured by one host is 
shown by the fact mentioned in Leuckart’s Parasites of Man , that 
Natlmsius 1 took from a single black stork 24 specimens of 
Filaria lahiata from the lungs, 16 Syngamus trachealis from the 
trachea, more than 100 Spiroptcra alata from the coats of the 
stomach, besides several hundred Trematodes belonging to several 
different species (see p. 63). Even this has been surpassed in 
the case of a young horse, in whose body Krause found 500 
Ascaris megalocephala , 190 Oxyuris curvula , several millions of 
Stronyylus tetr acanthus, 214 Sclcrostomum armatum, 287 Filaria 
papillosa, 69 Taenia perfoliata, and 6 Cysticercus forms. 

It is impossible here to enter into a full description of the de- 
struction caused to domesticated animals and crops by the presence 
of these parasites ; full details will be found in books dealing 

1 Arch. Naturg. Jahrg. iii. Bd. i. 1837, p. 52 ; and van Beneden, Animal Para- 
sites, p. 91. International Sd. Series. 
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especially with this question, such as Neumann’s Parasites and 
Parasitic Diseases of Domesticated Animals. A couple of cases will 
show how important this matter is to the farmer. Crisp estimates 
that Syngamus tracheal is causes the death of half a million 
pullets in England every year, and Megnin states that in a single 
pheasantry 1200 victims died daily; again, the loss of one- 
third the crop of beetroot is by no means uncommon when it 
is infested with Heterodera schachtii. These show the practical 
importance of what at first sight seem quite insignificant animals, 
and the necessity for the minutest observation, for only when we 
are fully acquainted witli all the details of the life-history of a 
parasite are we in a position to successfully combat it. 


Sub-Order II. Nematomorpha. 

Until the last few years it has been customary to regard the 
Gordiidae as a family of Nematodes. Although in external 
appearance and life-liistory they closely resemble the members ot 
this group, yet recent research has shown so many important 
morphological differences between them and the Nematoda, that 



Pio. 82. — A water plant around which 
a female Gordius is twining and lay- 
ing eggs, a, «, Clump and string of 
egg 8. (From von Linstow.* 2 ) 

writhing round water-plants ; 

I 11 shape they are like a piece c 


most zoologists are now agreed in 
placing them in a different sub- 
Order, the Nematomorpha, a name 
first suggested by Vejdovsky. 1 

The Gordiidae comprise but 
two genera, Gordias and Necto- 
nema. The latter lias but one 
species, JSf. agile Verr., and is 
marine ; the former, on the other 
hand, is exclusively fresh -water, 
and contains a very large number 
of species. Gordian worms are 
frequently to be found in ditches, 
ponds, or large puddles, moving 
with an undulating motion 
through the water, or twining and 
hey are scarcer in running water, 
f thin whip-cord, slightly tapering 


1 F. Vejdovsky, Zcitschr. wiss . Zool. Bd. xliii. 1886, p. 369 ; Zcitschr. wiss . Zool. 
Bd. xlix. 1888, p. 188. * 2 Arch. mikr. Anat. Bd. xxxvii. 1891, p. 239. 
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ut each end ; the male, however, is easily distinguished from the 
female by its forked tail (Fig. 89). Not unfrerjuently a con- 
siderable number are found inextricably tangled together into a 
knot, and the n’ame of the genus refers to this fact. Where 
numbers have suddenly appeared in water hitherto free from them, 
legends have sprung up which attribute their presence to a rain 
of worms ; in reality they have come out of the bodies of Insects 
in which they are parasitic for the greater part of their life. 

The genus Gordius passes through three distinct stages, of 
which the first two are larval and parasitic; the third is sexually 
mature and lives in water. The second larval stage closely 
resembles the adult, but the reproductive organs are not developed. 
The following account of the structure of this larval form and 
of the adult is in the main taken from von Linstow. 1 

The whole body is covered with a well-developed two-layered 
cuticle, which in the adult is marked out into areas, and bears 
numerous minute sensory bristles, which are especially developed 
in the neighbourhood of the cloaca of the male. Beneath this 
is a liypodermis which differs markedly from the sub-cuticle of 
Nematodes, inasmuch as 
it consists of a single 
layer of polygonal nucle- 
ated cells. Within this 
lies a single layer of 
longitudinal muscle-cells, 
which differ from the cor- 
responding layer of Nema- 
todes in having that 
part of their medulla 
which is not surrounded 
by the contractile por- 
tion directed outwards 
towards the liypodermis, 
and not inwards towards 
the body-cavity. 

The body is in the 
younger stages practically solid, the interior being filled with 
clearly defined polygonal cells which are arranged in definite 
rows ; in later life certain splits arise in this tissue which sub- 
1 Arch. mikr. Anat. lid. xxxiv. 1889, p. 248. 



Fits. 83. — Transverse section through a young male 
Gordius tolosanus Duj. (From von Linstow.) 
Highly magnified, a, Cuticle ; ft, hypodermis ; 
c, muscular layer ; d, parenchyma ; c, alimentary 
canal ; J\ nervous system ; y, cells of the testis. 
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serve various functions ; between these splits strands of tissue are 
left which form mesenteries, and some of the cells remain lining 
the muscular layer (Fig. 86). These cells have been described 
by Yejdovsky as a definite somatic, peritoneal epithelium, but 
this was not found by von Linstow. Besides forming the mesen- 
teries, and acting as packing between the various organs of the 
body, these cells also form the ova and the spermatozoa. 

The splits which have appeared when the animal has reached 
the second larval stage, are two dorsal and a ventral ; the latter 
contains the alimentary canal, and may be termed the body-cavity, 
the former will develop the generative organs. The mouth is 
occluded in the older larvae, and in the adults there is a dis- 
tinct but solid oesophagus which passes into a tubular intestine. 
The intestine consists of a single layer of cells surrounding a 
lumen ; it runs straight to the hinder end of the body, where it 
opens in both sexes with the ducts of the reproductive, organs. 

The nervous system consists of a well-defined cireumoesophageal 

ring with two dorsal 
swellings, and, arising 
from this, a median ven- 
tral cord which runs the 
whole length of the 
body. The cord consists 
of three longitudinal 
strands with ganglionic 
cells below them ; the 
latter, though they lie 
within the muscle layer, 
maintain a connexion 
with the hypodermis. 
Behind, the nerve-cord 

Fro. 84. — Section through a young female Gordius 1 

tolomnus. (From von Linstow.) a, Cuticle ; A, Splits 111 the male, OllG 
hypodermis ; c , muscular layer ; d, parenchyma ; half passing into each 
<\ alimentary canal ; /, nervous system : a. egg- , f n , 

sac ; h, ovary. caudal fork. Ill the 

adult a pair of black 
eyes can be detected on the head ; the only other sense organs 
are the tactile bristles mentioned above. Excretory organs are * 
unknown. 

The generative organs only attain maturity in the adult, which 
is, in fact, exclusively devoted to reproduction. No trace of testes 
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is found in the larva, though the two dorsal splits from the walls 
of which the spermatozoa will arise are present. They are lined by 
a definite epithelium (Fig. 83), and this serves at once to distin- 
guish them from the body-cavity. Posteriorly tin? splits narrow 
and become the two vasa deferentia which open one on each side 
into the cloaca. The cells ~ 

lining the lumen give rise to 
secondary cells, and these be- 
come spermatozoa, the process 
extending from behind for- 

° 7 

wards. The external organs a 
—bursa, etc. — described by \ 

Yejdovsky were not found 
by von Linstow. 

Tn the female larva two 
similar splits are present ; 

these lomi the egg-sacs. 1 OS- p IO gg Section through a mature female 
teriorly they end in two short Gordius tolosauns. (From von Linstow.) 

oviducts which open into a Lotteri "« ,lM iu Pi * 84 : ,J ' ’ *• ovarj - 

uterus, in which fertilisation takes place, and in which the secre- 
tion arises which cements the eggs together. Tn the adult the 
ovaries and a receptaculum seminis are found, in addition to the 

organs present in the 
larva. The ovaries 
are formed from 
modifications of the 
packing tissue; they 
begin close behind 
the head, and soon 
attain such dimen- 
sions as to compress 
the egg- sacs and 
body-cavity to small 

Flo. 86. — Section through a female Gordius tolosanvs slits. Alter a time 
when the deposition of ova is almost complete. \ c, the wa H between the 
d, e, and /, as m Pig. 84 ; g, egg - sac ; h, ovary 

almost empty ; i, dorsal canal containing eggs ; j, re- ovary and the Cgg- 
ceptacuium seminb. sacs Incomes ab- 

sorbed, and the eggs grow into the latter. In the old females, 
where the egg sacs are empty, there is a considerable space round 
the exhausted ovary, into which eggs continue to fall off ; there 
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is also a median dorsal canal which contains a few eggs. By 
tli is time the wall between the ovary and the egg-sac has again 
appeared. 

One of the most interesting points about the female is that, 
according to Ycjdovsky, the ovary is segmented, the cells which 
form the ova being heaped up in segmentally-arranged masses. 
This observation, if correct, is almost the only instance of seg- 
mentation recorded in the group Nematlielminthes. 

The only other genus which is associated with Gordius in 
the group Nematomorpha is Nectonema, of which there is as yet 



Firs. 87. — Xectonema affile 
Vurrill. A, The adult. 
Magnified. (After 
Fewkcs.) B, Longitudinal 
section through the head, 
x about 20. (From 
Biirger.) a, Mouth ; h, 
circu moeso j iliageal eon i - 
niissiire (dorsal) ; c, cell 
of salivary gland ; d, 
septum cutting off head 
from rest of hotly : r, 
testis ; J\ ventral cord ; 

oesophageal cells ; h, 
lumen of oesophagus ; /, 
cerebral ganglion (ven- 
tral). 


hut one species known, Ncctoncma agile Verr. 1 Our knowledge of 
the anatomy of this worm is due mainly to Biirger 2 3 and Ward.-'* 
Nectonema is a marine worm found swimming near the surface of 
the sea with rapid undulatory motion. The males are from 50 
to 200 mm. long, the females from 30 to 60 mm. The body is 
faintly ringed, and bears two rows of fine bristles on each side. 
Owing to a curious torsion of the body through a right angle, 
the lateral bristles of the anterior third seem to be placed in the 
ventral and dorsal middle line. They are very easily broken off. 
The body is divided into a small anterior and a large posterior- 

1 A. E. Verrill, P. L. S m Mus. vol. ii. 1879, p. 165. 

- 0. Biirger, Zool. Jahrb . Anat. Bd. iv. 1891, p. 631. 

3 H. B. Ward, Bull. Mus. Harvard , vol. xxiii. 1892-93, p. 135. 
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clmmber by a transverse septum placed a little way behind the 
head. The anterior chamber contains the brain and is lined by 
a definite epithelium, the posterior is not. The layers of the skin 
correspond with those of Nematodes or of Gordius , but the hypo- 
dermal cells show no cell outlines ; still they are not so modified as 
in the former group. The liypodermis is thickened in the median 
dorsal and ventral line, and the single nerve-cord lies in the latter. 

The alimentary canal is degenerate, as in Gordius . A mouth 
exists, but it is minute, and opens into a very fine tube lined 
with cliitin, which pierces through the substance of a single 
elongated cell. This minute oesophagus, with its coextensive cell, 
readies back to the transverse partition, but behind this a few 
other cells become associated with it, and ultimately the lumen 
of the alimentary canal is surrounded by four cells ; but the 
number diminishes behind, and soon only two cells surround the 
tube at any one level, and the intestine dwindles away some little 
distance in front of the tail. There is no sign of an anus. A 
circumoesophageal nerve-ring exists, of which the ventral part is 
by far the larger (Fig. 87); it gives off a ventral nerve-cord, 
which swells posteriorly in the male into a large anal ganglion, lar 
bigger than the brain, and larger in .the male than in the female. 

The testes consist of a dorsally placed sac, continuous behind 
with a vas deferens ; this opens at the posterior end, which is 
pointed and slightly curved ventrally. The ovary is unknown ; 
but females have been found with their body-cavity crammed 
with ova ; these escape, like the spermatozoa, from a genital pore 
at the posterior end of the body. 

Classification. — The separation of the Nematomorpha from the 
Nematoda depends mainly on the character of the nervous system, 
the absence of the lateral lines and of the dorsal line, the character 
of the contents of the body-cavity, and the character of the reproduc- 
tive organs. In Gordiidae the latter are always placed dorsal to 
the intestine, and ovaries and testes open alike at the hinder end of 
the body. The importance of the differences in the organs just 
enumerated has been considered sufficient to justify the removal of 
the Gordiidae from the Nematoda, and the establishment of the 
special sub-Order Nematomorpha for their reception ; and although 
Nectonema has a dorsal line, and is in some other respects 
intermediate between the two groups, there can be little doubt 
that it is more closely allied to Gordius than to any member 



NEMATHELMINTHES 


CHAP. 


170 


of the Nematoda, and it must therefore be placed with it in the 
Nematomorpha. 

On the other hand, it ought to be mentioned that Camerano 1 
found that the chief details of the fertilisation and development 
of the egg in Gordias closely conform with what is known of the 
same processes in Nematodes, and he is of opinion that these 
resemblances are sufficiently important to justify the retention of 
the group among the Nematoda. 

Life -History. — The life-history of Gordius comprises four 
stages — the early development of the egg, the first larval form, 
the second larval form, and the sexually mature form. Both 
larval forms are parasitic, and during their life they are actively 
engaged in feeding ; the free form, on the other hand, takes in no 
nourishment, and is exclusively engaged in reproduction. 

Yon Linstow 2 gives the following account of the life-history 
of G. tolosanus , a form which has been more 
fully worked out than any other. In the 
month of April numerous specimens of the 
beetle Pterostichus nitjer were found float- 
ing on the surface of the ditches and 
small ponds in the fields surrounding 
Gottingen. Some were found dead or dying ; 
others appeared quite healthy, and these 
were swimming actively, endeavouring to 
' reach land. Within the abdomen of these 
beetles, in about 20 per cent of those 
collected, the second larval form of the G. 
tolosanus was found. The longest larvae 
Fio. 88. — Abdomen of Ptem- were 122 mm. in length, and very soft, 

tS“en3i toexpose P artl 7 snow-white and partly brown in 
the Oordius larva within, colour ; traces of the boring apparatus of 

(From ^on Linstow!)' 6 ' the first larval form were still to be seen, 
but in other respects the larva only 
differed from the free form in the immaturity of its sexual organs. 
Besides the parasite hardly anything was to be found in the 
abdomen of the beetle, the larva having eaten up all trace of the 
fat body and the generative organs of its host. The larvae bored 
their way out of the body of the beetle and became adult animals. 

It is rather difficult to say what brings these essentially 
1 Mem. Acc . Torino , 2nd ser. vol. xl. 1890, p. 1. 2 Centrlb. Bakter . Bd. ix. 1891, p. 760. 
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terrestrial beetles to the water, but von Linstow suggests that, as 
they live partly on snails, and at this time of year there are not 
many land-snails about, they may be in search of water-snails 
such as Limnaea . They may also be sometimes blown into the 
water by wind storms, but, whatever the cause is^ their pres- 
ence in water is essential for the continuance of the life of their 
parasites. 

Once free in the water the Gordins is soon sexually mature ; 
the fertilisation takes place in April, and 
then the female may be seen twisting and 
writhing round the stems of water-plants 
and laying the long bead-like strands of 
eggs (Fig. 82). The first deposition ob- 
served by von Linstow took place on 14th 
April, the last on 2nd August, and the 
period of egg -laying for each female ex- 
tended over four weeks. At first the eggs 
are snow-white, but within twenty- four 
hours they turn brown in colour. Fig. 89. —The tail ends 

The development of the first larva within 
the egg takes about a month. When it copvia. x 1*5. (From 

00 b q # Meissner. 1 ) 

emerges from the egg-shell it is minute, ’005 
mm. long, ringed anteriorly, and provided with a protrusible and 
retractile boring apparatus consisting of three chitinous rods ; 
round the base of this piercing proboscis is a double crown of 
papillae, each bearing a spine (Fig. 90). 

This first larval form breaks through the egg-shell and sinks 
to the bottom of the water, where it moves about sluggishly and 
awaits the arrival of the right host in which to take up its 
abode. This host is the larva of the Alder-fly, Sialis lutaria Lin. 
(vide vol. v. p. 444), and into this it bores and comes to rest in 
the muscles or the fat body. It does not form distinct capsules. 
‘It remains in this larva during the following winter, and 
in the spring passes over into the imago Sialis . The com- 
plete insect frequents the small plants growing along the water’s 
edge, and falls an easy prey to the predaceous beetle Ft. niger. 
The larva is eaten, and undergoing a change becomes the second 
larval form mentioned above. It remains in the body of the 
beetle during the second winter, and finally returns to the water 
1 Zcitschr . u'iss. Zool. Bd. vii. 1856, p. 1. 
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Fig. 90. — Embryo or first larval 
form of (lord ins totomuus taken 
from the egg. Highly magni- 
fied. a ami b y The bristle-bear- 
ing papillae on the head ; r t 
the boring apparatus. (From 
von Linstow.) 


as the adult some eighteen or twenty months after it has been 
] latched from the egg. 

From the above account of the life-history of Gordius it will 
be seen that the chances of an egg reaching maturity are com- 
paratively small, and to compensate 
for this a very large number of eggs- 
are laid. In addition to the risk of 
the larvae not finding the right host 
at the right time, and of the first host 
not being eaten by the second, and 
the second not being drowned, there 
is the danger that the ditches and 
ponds in which the adults live may 
dry up, and, in fact, great numbers 
of worms perish by this taking place. 

The sex of the adults may be told 
from their colour, the males being of a 
blackish brown, the females of a light 
day brown; the former average 120 
mm. in length, .the latter 170 mm. The males are also more 
numerous, the proportion being seven to three. Camerano 1 has 
drawn attention to the fact that there is a certain polymorphism 
in size, form, and colour which is especially common amongst the 
males; dwarf forms with mature reproductive organs exist, and 
he is of opinion that these differences depend both on the size of 
the second host and on the duration of the parasitic life. 

In addition to the larva of Sialis Ivtaria, the first larval stage 
has also been found in the larva of Ephemera, Tanypus, Corethra, 
and Ghironomus ; the second in Gar ah a shorten sis Fabr., Procerus 
(Cardbus') coriaceus Linn., Calathus fuscipcs Goeze., Molops elatus 
Fabr., several species of Pterostiehvs , and a number of other 
beetles. It is probable that its normal hosts are S. lutaria and 
PL niger , but it is clear that it often conies to rest in other 
insects. The view that the Gordiidae have no special hosts, blit 
may either pass the whole of their life-history within one and 
the same animal, or, on the other hand, may inhabit animals, 
belonging to very different groups, is held by Villot, who has 
paid great attention to the subject. He finds the first larval 
form encysted in the walls of the alimentary canal in fishes, such 
1 Zool. Am. vol. x. 1887, p. 602. 
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as Zeuciscus phoxinus , the minnow, Gobitis barbatula , the loach, 
and Petromyzon planeri , the lamprey ; in the larvae of Diptera, 
Ephemera, and beetles, in Planorbis (a 
water snail), in Enchytraeus (an Oligo- 
chaet); the second larval form in all 
kinds of insects, spiders, Crustacea, 
fish, frogs, birds ( Otis ), and in man, 
and these various habitats lead him 
to the conclusion that “ Lea Gordiens 
n’ont pas d’hotes speciaux.” O 11 the 
other hand, as von Linstow points out, 
it is contrary to our knowledge of 
parasites that a single species should 
develop equally well in the body of 
warm and cold-blooded Vertebrates and 
of Insects, and the explanation of the 

presence of the larvae in these various Fjcs. 91. — Tarsal joint of an 
\ Ephemeral larva into winch 

forms may either be that they be- two aordius larvae {a, a) have 

long to different species of Gordius or, (Fr ° m 

more probably, that they are acci- 
dentally present, having passed into their hosts with drinking 
water. 

The number of species of Gordius is large; over 100 are 
enumerated in the Compendium der Helmintholoyie } the great 
majority of which inhabit insects. 

The life-history of Nectonema is practically unknown ; the 
adults have been found swimming near the surface of the sea at 
two places only : Newport, E.I., and Wood’s Holl, Mass., on the 
south coast of New England. It has been fished dose to the 
shore, from the end of June to the beginning of October, when 
the tide is going out at evening and there is no moon. This 
Seems to indicate that it avoids the light. When first caught 
the worms move actively about, coiling themselves into figures of 
eight and then uncoiling ; at the same time there is a rhythmical 
movement caused by waves of muscular contraction passing down 
each side of the body alternately; by this kind of motion they 
make rapid and definite progress through the water. 

It seems probable that the adult Nectonema is preceded by one 
or more larval stages, and what appears to be a young form has 
1 V 011 Linstow, Hannover, 1878, and Naclitrag, 1889. 
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been obtained from tlie thoracic cavity of a prawn, Palaemonetes , l 
which has thus some claim to be regarded as the host of this 
species, but nothing is known about its early life-history. 


Sub-Order III. Acanthocephala. 


The Acanthocephala, which form the third class of the Nema- 
thelminthes, consists of but few genera; there are, however, 
numerous species of very different size, varying from 10 to 65 
cm. long in the female Gig a n torhy fichus ( Echi norhy nch us) gigas, 
to quite minute forms a few millimetres in length. The adult 
stage occurs in the alimentary canal of Vertebrates, as a rule 
in those which live in, or frequent water ; the larvae are found 
in the bodies of certain Invertebrates, very frequently small 
Crustacea. 



Anatomy. — The body of the mature forms can usually be divided 
into three sections — the proboscis, the neck, 
and the trunk, but the middle region is not 
always discernible. The proboscis is armed 
with rings of hooks (Fig. 93) arranged in 
longitudinal rows ; they are usually of two 
kinds, but in E. 'protons of three. They have 
a certain specific value, but not much stress 
can be laid on the number of rings, e.g. in 
E. angn status the number varies from eight 
* TG ;,f ^idmriti/n^u^pro- twenty-four. The recurved hooks serve to 

tens Westruink, with fasten the parasite very firmly to the tissues 
of the host. The proboscis is hollow and 
the intestine of a Pike, retractile; it can be withdrawn into the 
body by means of muscles attached inter- 
nally to its tip. It does not, however, pass 
straight into the body-cavity, but is retracted into a special 
cavity — the proboscis sheath — with a double muscular wall. 
The proboscis sheath may perhaps be looked upon as a septum, 
such as is found in some of the Nematomorpha, dividing the 
body-cavity into two parts. It is inserted into the body-wall 
at the junction of the neck and trunk or of the proboscis and 
trunk. In addition to the muscles which withdraw the pro- 
boscis into its sheath, there are two retractors running from the 
1 H. B. Ward, P. Amcr. Ac. new ser. vol. xix. 1892, p. 260. 


Magnified with a lens. 
(From Hamann.) 
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outside of the sheath to the body- wall ; these serve to retract the 
whole sheath and its contents into the body-cavity of the trunk. 

The structure of the skin is essentially like that of Nematodes, 
but the details are much more complicated. The whole body is 
covered by a thin 
cuticle secreted by 
the epidermis, which, 
as in the other 
groups, breaks down 
and forms a syncyt- 
ium called the sub- 
cuticle. The minute 
fibrils which pene- 
trate this layer are 
much more definitely 
arranged than in 
Nematodes ; the 
largest of them run 

from without in- ^ IO * 93.- — A, Five specimens of Echiuorhyn chits tints Hml. 

attached to a piece of intestinal wall, x 4 ; B, the 
Wards, others run proboscis of one still more highly magnified. 

concentrically round 

the body. Large oval or spherical nuclei are scattered in the 
sub-cuticle, which is further honeycombed by a number of lacunae 
or spaces which are described below. 

Within the sub-cutieular layer is found a sheath of circularly- 
arranged muscle-fibres, and within this again a sheath of longi- 
tudinal muscles which do not extend into the proboscis ; this 
inner layer lines the body-cavity, there being no epithelium 
within it. In their minute structure the muscle-cells resemble 
those of Nematodes. 

The canals in the sub-cuticle form a very curious system of 
anastomosing spaces, in which a clear fluid containing fat globules 
circulates. The extent to which the system is developed varies 
in different species, but in all there is a pair of longitudinal 
canals which are situated laterally, and which give off the sub- 
sidiary channels in their course. The above description applies 
to the lacunar spaces in the skin of the trunk ; those of the pro- 
boscis are quite distinct, and there is no communication between 
the two sets of spaces ; in fact, the sub-cuticle in which the lacunae 
are formed is not continuous across the line of junction of the 
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proboscis and the neck, or, when the latter is absent, of the pro- 
boscis and the trunk, but it is interrupted by the ingrowth of a 
thin ring of cuticle which reaches down to the muscular layers 
(Fig. 94). All the spaces in the skin of the proboscis open ulti- 
mately into a circular canal situated round its base ; on each side 
the canal opens into a sac-like structure which extends through 
the body-cavity towards the posterior end of the animal. These 
two lateral diverticula arc termed the lemnisci. They have 



Fig. 94. — A longitudinal 
section through the an- 
terior end of Echinorliyn- 
chus haeruca Rud. (From 
Hanmnn.) a, The probos- 
cis not fully expauded ; 

6, proboscis - sheath ; c, 
retractor muscles of the 
proboscis ; d, cerebral 
ganglion ; e., retinaculum 
enclosing a nerve ; /, one 
of the retractors of the 
sheath ; a lemniscus ; 
h y one of the spaces in 
the sub-cuticular tissue ; 

7 , longitudinal muscular 
layer ; j, circular mus- 
cular layer ; k, line of 
division between the sub- 
cuticular tissue of the 
trunk and that of the pro- 
boscis with the lemnisci. 


always attracted considerable attention from the workers at the 
group, and numerous functions have from time to time been 
attributed to them. They are more or less hollow, and their 
walls consist of sub-cuticular tissue surrounded with a scanty 
muscular coat ; they contain the same fluid as the lacunae of the 
skin of the proboscis, with which they are placed in communi- 
cation by means of the circular canal ; and it seems most prob- 
able that, as Hanmnn 1 suggests, they act as reservoirs into 
which the lacunar fluid retires when the proboscis is retracted, 
1 Jen. Zeitselir. Bd. xxv. 1891, p. 113. 



VI 


ACANTHOCEPHALA ANATOMY 


177 


and which, by means of the contractions of their muscular coat, 
force the fluid into the lacunae when the proboscis is everted, 
and thus aid in its protrusion. 

The parasitic habits of EchinorliyncJius have had a deeper 
influence on the structure of the body than is the case with the 
Nematoda. All traces of an alimentary canal have disappeared, 
and the animals live entirely by the imbibition through the skin 
of the already elaborated fluids of their hosts. The power of 
absorbing fluids is shown by the fact that they swell up and 
become tense when placed in fresh water. 

Until recently no definite excretory organs had been recognised, 
and the function of excreting the nitrogenous matter was by 
some assigned to the lemnisci. 

In 1893 Kaiser 1 described 
in Cr. (jig as * two organs 
which he called nephridia, 
placed dorsally to the ducts 
of the male and female 
reproductive organs. Each 
nephridium, which somewhat 
resembles a cauliflower, con- 
sists of a stalk or duct, 
opening at one end into 
the reproductive ducts, and 
at the other branching 
and breaking up into a 
number of secondary and 
tertiary twigs. The end of 
brane 




Fid. 95. — A A longitudinal section through 
the terminal twigs of the nephridium of 
(wifjantorhynchus (jig an. (From J. E. Kaiser.) 
Highly magnified, a, Nucleus. B, A ter- 
minal twig more highly magnified ; 5, the 
porous membrane. 


each 


twig 


is closed by a mem- 
pierced with a number of most minute pores, by 
means of which it communicates with the body-cavity ; on 
the inner side the membrane bears a number of long cilia, 
which keep up an active flickering. The presence of these cilia 
is interesting, as elsewhere they are unknown throughout the 
N emathelminthes. 

The nervous system consists of a central ganglion situated in 
the proboscis sheath ; it is oval and flattened in shape*. The 
ganglion gives off nerves to the proboscis, and two main trunks 
which pierce the proboscis-sheath and run backward surrounded 
by a cluster of muscle -fibres, the whole being termed the 
1 Bibl. Zool . Bd. ii. Heft 7. 1893. 
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retinaculum ; in the male they are in connexion with a special 
genital ganglion which lies near the ductus ejaculatorius. 

With the exception of certain 
sensory papillae in the neighbour- 
hood of the male genital orifice, and 
of three similar papillae mentioned 
by Kaiser on the proboscis, the 
Acanthocephala are devoid of sense 
organs. 

The Acanthocephala are dioecious ; 
their generative organs are developed 
in connexion with the ligament , 
a cord-like structure which arises 
between the inner and outer layer 
of the hinder end of the proboscis 
sheath and traverses the body-cavity, 
ending posteriorly in connexion with 
the genital ducts. The testes lie 
in this ligament ; they are paired 
oval bodies which open each into a 
vas deferens. The vasa deferentia 
each bear three lateral diverticula, 
the vesiculae semi miles ; and three 
pairs of cement glands pour their 
secretion into a duct which opens 
into the vasa deferentia ; the latter 
unite and open by a penis which 
is withdrawn into a genital bursa. 





of being oxtnuM. 

Zed. (From Hamann.) «, Probo- The two ovaries are formed in 

tor 5 of' tile 'probosciT^J, cerebral the ligament of the female in a cor- 
ganglion ; /, /, retractors of the responding position to that occupied 

iach with two giant nuclei ; K the testes 111 the ™ ale > but ilt iin 
space in sub-cuticuiar layer of ear iy stage they break down into 
the skin; l , ligament; ?/?, m , / , ° n r u* i, 4.1 r 

testes ; a, glands on vas deferens ; packets ot cells, ot Which those ol 

p, giant nucleus in skin ; q, open- the peripheral layer develop into ova 
mg of vas deferens. , _ . J \ 

at the cost of the central cells, which 
serve them as a food supply. As these masses grow and 
increase in number they rupture the walls of the ligament, and 
escape into the body-cavity, in which they float. The ova are 
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fertilised whilst floating in the fluid of the body-cavity. The 


eggs segment and the embryo is formed 
whilst still in the -body of the mother. 

The embryos escape by means of a 
complicated apparatus the details of 
which vary in the different species, but 
which, like many of the organs in these 
animals, consists of very few cells with 
very large nuclei. This apparatus con- 
sists of three parts : the bell, the uterus, 
and the oviduct. The bell is a large 
funnel-shaped structure, which opens 
into the body -cavity, and is connected 
with the end of the ligament ; near its 
lower end, where it is continuous with 
the uterus, is a second smaller opening 
situated dorsally. By the contraction 
and expansion of its lips the oval embryos 
are swallowed and pass on through the 
uterus to the oviduct, which opens at the 
posterior end of the body. If the bell 
takes in any of the less mature eggs 
which are spherical in shape, they are 
passed back into the body -cavity through 
the above-mentioned dorsal opening, and 
the same orifice permits the passage of 
the spermatozoa even when the bell is 
full of embryos. 

Embryology. — After fertilisation the 
egg surrounds itself with several egg- 
shells, three of which are usually dis- 
tinguished ; the embryo is already far 
advanced in its development by the 
time it leaves the body of the mother 
and passes out into the alimentary canal 
of the Vertebrate host. It leaves the 
body of this second host with the faeces, 
and is eaten by the first or larval host, 



Fia. 97. — An egg of Echino- 
fhynchvs acus Biul. sur- 
rounded by three egg-shells. 
Highly magnified. The 
egg has segmented, and the 
cells are differentiated into 
it, the entoblast, and b, the 
ectoblast ; c , spines. (From 
Hamatin.) 


usually a small Crustacean or water- insect, but in some cases a 


fish, within whose alimentary canal it casts its membranes and 
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becomes actively mobile. By means of a ring of hooks developed 
round the anterior end it bores its way through the wall of the 
alimentary canal, and after some time — three weeks in E. proteus 
— comes to rest in the body-cavity of its host. By this time 
most of the organs of the adult, with the exception of the repro- 
ductive glands, are already well established ; the latter only attain 
maturity when the first host is eaten by the second, and the 
larvae find themselves in the intestine of a Vertebrate. 



Fig. 98. — A, A larval 
Echinorliyncfius proteus 
Westrumb. further de- 
veloped than in Fig. 97. 
Highly magnified. The 
entoblast lias developed 
inside it the proboscis a ; 
6, b, the giant nuclei of 
the ectoblast. B, The 
entoblast at a more ad- 
vanced stage, the ecto- 
blast is not shown. The 
outermost layer of cells 
will form the muscles 
of the body - wall ; the 
body - cavity has ap- 
peared ; a , proboscis ; 
b, cerebral ganglion ; c, 
body-cavity ; d, d, the 
testes beginning to ap- 
pear in the ligament ; 
e, cells which will form 
the generative ducts. 


Some of the details of the development arc very remarkable, 
and a short account of them may be given. The segmentation 
of the egg is unequal ; it results in the formation of a central 
biscuit-shaped mass of small cells and a peripheral mass of Larger 
cells; the former is called by Hamann 1 the entoblast, the latter 
the ectoblast. From the entoblast arise all the organs of the 
body but the sub-cuticle and the associated lemnisci, which are 
formed from the ectoblast. The latter has a remarkable history ; 
the cells begin to break down and lose their outlines, whilst their 
nuclei fuse together and form a small number of giant nuclei, 
which lie scattered throughout the syncytium thus formed. The 
syncytium surrounds the entoblast on all sides; by this time 
the anteriorly-placed hooks have appeared ; in E ' proteus there 
1 Jen" Zeitschr. Bd. xxv. 1891, p. 113. 
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Fia. 99. — A, The larva of Kchinorhynch us proteus 
from the body-cavity of Phoxiitus laeris , with 
the proboscis retracted ami the whole still 
enclosed in a capsule. B, A section through 
the same ; a, the invaginated proboscis ; b 9 
proboscis sheath ; c, beginning of the neck ; 
d , lemniscus. Highly magnified. (Both from 
Hiimann.) 


are ten of these, but the number is not the same in call species. 
The syncytium is in a fluid state, with a few gigantic nuclei 
floating in it ; these now lose their spherical shape, and throwing 
out processes become amoe- 
boid ; in this way they bud 
off small portions of their 
substance, and from these 
the oval nuclei of the sub- 
cuticle and the lemnisci 
arise. The rest of the syn- 
cytium hardens into the 
fibrillar matrix of the 
sub -cuticle, leaving, how- 
ever, scattered spaces which 
form the sub - euticular 
sinuses of the adult. An 
interesting feature of JY. 
darner eps and Arhynrhus 
hemifjmtthi is that the skin of the adult retains the larval 
features, and it and the lemnisci consist of a syncytium with a 
very few giant nuclei scattered through it. Hamann counted 
only eight in the skin and two in each lemniscus in the example 
figured on p. 178. 

The whole of the rest of the body is formed by the cntoblast. 
Within the latter a circular split arises which separates a single 
layer of outermost cells from an axial strand of many cells (Kig. 
98, T>). The split is the future body-cavity; the axial strand 
forms the proboscis, its sheath, the cerebral ganglion, muscles, etc., 
and the ligament with the contained generative organs ; the 
outermost layer of cells forms the muscular lining to the skin. 
It is interesting to note that these cells destined to become 
muscle-fibres are at first arranged as a single layer of cubical 
epithelial cells lining the body-cavity ; most of them become 
circular muscle-fibres, but a few are pushed inwards so as to 
lie next the body -cavity, and these become the longitudinal 
fibres. 

Classification. — Until recently the Acanthocephala were 
supposed to include but one genus, Ecliinorliynclms , with several 
hundred species, but Hamann 1 has pointed out that these species 
1 Zool. Anz. Bd. xv. 1892, p. 195. 
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present differences which enabled him to divide the group into 
three families, each with a corresponding genus To these I 
have ventured to add a fourth family, to include a remarkable 
species, Arhynclius hemignathi , described below. The char- 
acters of the first three families in the account given below are 
taken from Hawann’s paper. 

Family I. E chinorhynchidae. — The body is elongated and 
smooth. The proboscis-sheatli has a double wall, and the pro- 
boscis is iuvaginated into it. The 
central nerve -ganglion lies in the 
middle line, as a rule on the poS- 
terior blind end of the proboscis- 
sheath. The papillae which bear the 
hooks are only covered with a chitin- 
* PPf f ous cap at their apex, and the hooks 

have a process below. r rhis family 
is by far the largest ; a few species 
only can be mentioned. Echinorhyn- 
chu8 protects lives in its mature form 
ggv in fishes ; the young forms, up to a 
centimetre in length, are found living 
freely in the intestine of numerous 
fresh-water fishes. Those found in 
Gobio fluviatilis , the gudgeon; Leu - 
WfcglEsSWr ciscus virgo; Lota vulgaris, the burbot 

or eel-pout ; young trout ; ThymaUus 

Fia. 100 . — Fully formed l»rv» of ™lparis, the grayling, seldom surpass 
Echinorhynchus 2” m oteus from this size, but those found in Averina 

taevis. (From llam aim.) Highly ^rmia, the pope fish; 111 AbramiS 
magnified, a, Probosch b , bipunctatus ; in Esox lucius , the pike, 

c, lemnisci. and 111 older trout, attain or surpass 

double the length. As the parasites 
grow older they bury their proboscis and neck in the wall of the 
intestine, the inner surface of which is studded with the orange- 
coloured bodies of the parasites. The proboscis is so deeply 
sunk in the wall of the alimentary canal as to form a papilla 
on its outer surface (Fig. 92). The larvae of E. proteus are 
found in the body-cavity of Gammarus pul ex, one of the Amphi- 
pod Crustacea, and also in the same position in numerous fresh- 
water fishes ; they must' have passed into this first host by the 
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mouth and alimentary canal. If the liver of an infested minnow, 
Lewi sens phoxinus , be examined, it will be found to contain on 
its surface numerous spherical or egg-shaped capsules of an orange 
colour, 2 to 2*5 mm. in length; these contain the larval forms of the 
parasite. They develop into the adult form when the first host 
is eaten by a carnivorous fish, but a complication may take place 
when the larval form is found in Gammarus , as the latter, the first 
host, may be eaten by a fish (intermediate host) in which the 
larva does not become mature, and only develops sexual organs 
when eaten by a carnivorous fish (second host). The larval form 
is also found in Neuuwliilus barbatulns , Gobio Jluviatilis , and the 
sticklebacks Gasteroste/us aruleatus and G. pungitius. 

E. davula Duj. is found in Stilnio fnrio , Abramis brama , 
Cyprinus carpio , Gobius niger , Lcpadogaster gouanii , etc.; E. 
linstowi Ham. in Lcudsr/us idus, Abramis bottoms , Abramis 
bipunc talus, and Adpenser huso ; E. lutzii Ham. was found by 
Dr. Lutz in Brazil in the intestine of Bufo agua ; E. angustatus 
Hud. occurs in such numbers in the perch, Perea Jluviatilis , 
as to almost occlude the lumen of the intestine, and one out of 
every three or four fish in certain districts is infested by it. It 
is also found in the pike, Esox Indus , and the barbel, Barbus 
vulgaris. The first or larval host of this species is the Isopod 
Asellus aquaticus. E. moniliformis Brews, is stated to attain 
maturity in the human intestine. Except for the fact that G. 
gigas has once been observed in the same place, this is the only 
human parasite amongst the Aeanthocepliala. Its normal second 
hosts are Mus dccumanus and Myoxus querdnus 9 and its first or 
larval host, the larvae of the beetle Blaps mucronata , . E. 
porriyens Bud. is found in considerable numbers in the small 
intestine of a fin- whale ( Bcdaenoptera sibbaldii ), and E. strumosus 
Bud., in the small intestine of a seal ( Phoea vitulina ), and in 
the body-cavity of the angler fish (Lopliius piscatorius). E. acus 
*is common in the whiting, Gadus merlangus. 

Family II. Gigantorhynchidae. — Large forms with ringed, 
flattened, and Taenia-Wkv bodies. The hook-papillae are covered 
all over with transparent cliitinous sheaths with two root-like 
processes. The proboscis -sheath is muscular and without a 
lumen. The central nervous system is excentrically placed below 
the middle of the so-called sheath. The lemnisei arc long twisted 
tubes with a central canal. 
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Hamann places -three species in this family: Gigantorhynchus 
echinodiscus , G . spira, and G. faenioides ; but as he points out 
that & gigas resembles these in its more important structural 
features, it seems advisable to include it here under the name 
G. gigas. The members of the first family often present a trans- 
versely ringed appearance after death, but the Gigantorhynchidae 
Are ringed when alive, and the circular canals in the skin show 
a certain regularity, being arranged one between each two rings. 
There is no lumen in the proboscis-sheath, which is not attached 
to the boundary between the proboscis and the trunk, but to the 
inner surface of the proboscis, and the whole can be retracted 
within the anterior portion of the body, which is invaginable. 
There are always eight cement-glands, and other differences exist 
in the musculature, hooks, and position of the nervous system. 

G. gigas occurs in the adult state in the small intestine 
of swine ; in Europe its first or larval host is believed to be the 
grubs of Melolontha vulgaris and Cetonia aurata , but these beetles 
are absent from America, though the parasite infests American 
hogs. Stiles 1 has recently made some experiments which tend 
to show that in. the United States the source of infection is some 
species of the beetle Lachnosterna, and he has succeeded in in- 
fecting the grub of L. arcuata by feeding it on the eggs of the 
parasite; from one larva he took 300 parasites six weeks after 
feeding it. L. arcuata is, like M. vulgaris , phytophagous, but 
the grubs of both the beetles are fond of frequenting manure 
heaps and patches of dung, and thus are much exposed to the 
dangers of infection. 

G. echinodiscus inhabits the intestine of ant-eaters, having 
been found in Myrmecophaga jubata and Cycloturus didactylus. 
G. spira lives in the king vulture Sarcorhampus papa , and G. 
taenioides in Dicholophus cristatus , a species of Cariama. 

Family III. Neorhynchidae. — Sexual maturity is reached in 
the larval stage. The proboscis-sheath has a single wall. A 
few giant nuclei only are found in the sub-cuticle and in the 
lemnisci. The circular musdle layer is very simply developed. 
The longitudinal muscle^cells are only present in certain places. 

This family includes two species, Neorhynclius clavaeceps And 
A! agilis, which afford interesting examples of paedogenesis. 
The sub-cuticle and the lemnisci are dominated by a few giant 
1 Zool. Anz . vol. xv. 1892, p. C2. 
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nuclei, which remain in the embryonic state atid do not break 
up into numerous nuclei as in other forms. Tha musculature is 
but little developed and the longitudinal sheath hardly exists. The 
proboscis-sheath consists of a simple muscular layer, and the short 
proboscis has few hooks and presents an embryonic appearance. 

The sexually-mature form lives -in the carp, Cyprinus carpio ; 
the larval form is found, according to Villot , 1 encysted in the 
fat bodies of the larva of Sialis 'lutaria, one of the Neuroptera, 
and in the alimentary canal of the leech Nephelis octocula, and 
successful experiments have been made in infecting some species 
of the water snail Limnaea. N, agilis occurs in Mvgil auratus 
and M. cephalm. 

Family IV. Arhynchidae. — Short forms with the body 
divided into three well-marked regions — head, collar, and trunk. 
The head is pjtted, the collar smooth, and the trunk wrinkled, 
not annulated, in spirit specimens. There is no cversible intro- 
vert, and no introvert sheath and no hooks. The sub-cuticle 
and the lemnisci have a few giant nuclei, and the lemnisci are 
long and coiled . 2 

This family resembles the Gigantorhynchidae in the length 
and curvature of its lemnisci, and the Neorhynchidae in the 
persistence of the embryonic condition of the nuclei in the sub- 
cuticle and the lemnisci ; but in the shape of the body, its 
division into three well-marked regions, the absence of eversible 
proboscis, proboscis sheath, and hooks it stands alone, though it is 
nearer to the Neorhynchidae than to either of the other families. 

The single species Arhynehm hemignatki was found attached 
to the skin around the anus of a Sandwich Island bird, Hemi- 
gnathus proceros. The bird is a member of a family Prepan i- 
didae, which is entirely confined to the Sandwich Island group. 
Professor Newton tells me that it is probable that the “ food of 
Ifemignathus consists entirely of insects which it finds in or 
under the bark of trees,” hence it is probable that the second 
host of this parasite, if such exists, must be looked for amongst 
the Insecta. 

1 Zool . Anz. vol. viii. 1885, p. 19. 

2 Sliipley, Quart. J. Micr. Sci. vol. xxxix. 1896. 
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At certain seasons and at certain times of the day the naturalist 
who is investigating the fauna of the surface of the sea is apt to 
find his tow-net crammed with innumerable trails- 



Fio. 101 . — Sftffitta 
bipunctata. a , 
Vesicula semi- 
nalis. x 4. 
(After Hert- 
wig.) 


parent spindle-shaped animals, which by their 
number and the way in whicli they become 
entangled with rarer objects, often render useless 
the result of his labours. These animals belong 
to the class Cliaetognatha, which includes three 
genera, Sagilta , SpadeHa , and Krohnia . Amongst 
them are divided about twenty species, some of 
which, however, are of doubtful value. 

Anatomy. — The body of these animals is as 
transparent as crystal ; it is elongated, and bears 
a resemblance to certain torpedos, except that the 
head forms a somewhat blunt termination to the 
spindle-shaped body. The tail bears a caudal 
fin, and Spadella and Krohnia have a single pair, 
and Sagitta two pairs, of lateral fins ; all of which 
are flattened horizontally. 

The body is externally divisible into three 
regions — head, trunk, and tail — and these corre- 
spond with the arrangement of the internal 


organs, 

Ae head is surrounded by a fold of skin, forming a hood, 
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which is most prominent at the sides (Fig. 102, g) ; within 
the hood the head bears from two to four rows of short 
spines, and outside these a right and left row of sickle-shaped 
hooks, the free ends of whicli in a state of rest converge round 
the mouth, but when disturbed these hooks can be widely 
divaricated. 

The cavity of the body, or coelom, is divided into three dis 
tinct chambers by the presence of two thin transverse walls or 
septa, one situated between the head and the trunk, the other 
between the trunk and the tail (Figs. 104, 105). In the head, 
this cavity is much reduced by the presence of special muscles 
which move the spines, hooks, etc. ; and in the small species, such 
as Spade! la cephaloptera , the other two cavities are almost entirely 
occupied by the digestive and reproductive organs 1 ; but in the 
large species, e.g. Sagitta hexaptera , a considerable space is left 
between the internal organs and the skin, and this is occupied by 
a coelomic fluid. If the skin of one of these larger species be 
punctured the fluid escapes and the animal shrivels up. A 
longitudinal partition or mesentery, with numerous pores in it, 
runs through these spaces, dividing the body-cavity into a 
rigl.it and left half; in the region of the trunk this mesentery 
supports the alimentary canal. 

In addition to certain muscles in the head, which move the 
hooks, etc., there is a muscular lining to the body-wall. This is 
divided into two. dorsal and two ventral bands, much in the same 
way as in Nematodes. The muscle fibres are striated. 

The mouth, situated either terminally — Spadella marioni 2 - 

or below the head, leads into a pharynx ; this passes into an intes- 
tine lined by a single layer of ciliated cells with a few glandular 
ones intermingled. The intestine runs straight through the 
body without loop or coil, and opens by an anus situated at the 
junction of the trunk and the tail. In most cases the anus is 
ventral or on the lower surface, but Gourret asserts that in Sjmdella 
marioni it is on the upper surface. 

There are no special respiratory, excretory, or circulatory 
organs, unless a glandular structure described by Gourret in the 
head of Spadella marioni be a real kidney. 

The nervous system consists of a supra-oesophageal ganglion 

1 O. Her twig, Jen. Zeitschr . Bd. xiv. 1880, |>. 196. 

2 P Gourret, Ann. Mus . Marseille^ tom. ii. Mem. 2, 1884, p. 103. 
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or brain situated in the head, and of a ventral ganglion lying 
in the trunk ; both these nerve centres are embedded in the 
epidermis, and are connected with one another by means of two 
st6ut peri -oesophageal nerves (Figs. 102, 104). The brain 
also gives off a pair of nerves to the eyes, another pair to the 
olfactory organ, and a pair which ultimately meet one another 

and so form a ring ; on this are 
certain ganglia giving off nerves which 
supply the muscles of the head. Both 
the chief ganglia give off numerous 
nerves, which divide and split up into 
a network of fibres which permeate 
the whole skin. 

The sense organs are comparatively 
simple. A pair of very small eyes lie? 
in the skin of the head ; they are of 
complex structure, and to some extent 
remind one of the simple eyes of 
certain Crustacea. Behind the eyes 
and also on the upper surface of the 
animal is an unpaired organ which is 
usually described as olfactory in func- 
tion (Figs. 103, 105). This is a 
ring-shaped modification of the epi- 
dermis drawn out into different shapes 
in the various species. The modified 
epidermal cells bear long cilia. The 
remaining sensory organs found in the 
group consist of clumps of modified 
cells scattered in round groups over 
the surface of the body and of the fins. 
The central cells of each group bear long tactile hairs, and are 
surrounded by supporting cells. 

The Ohaetognatha are hermaphrodite, and carry the female 
organs in the trunk, the male in the tail. In a mature specimen 
the two ovaries occupy almost all the space in the trunk 
between the alimentary canal and the skin, and each is supported 
by a narrow lateral mesentery. The ovary is traversed by a 
oviduct which often contains spermatozoa ; it is not clear how 
the eggs make their way into the oviduct, which seems to have 



Flu. 1 02. — Head of Sagitta bipunc- 
tnta . A, Dorsal view ; J, ven- 
tral view, x about 33. (From 
Her twig. ) A, a, spines ; b, 
nerves to lateral cephalic gan- 
glia ; c, hooks ; </, cephalic 
ganglion ; e t olfactory nerve ; /, 
optic nerve ; </, hood ; h 9 com- 
missure to ventral ganglion ; 
j, olfactory organ : B, a, <*, 
and g as in A ; mouth. 
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no internal opening and to act largely as a roceptaculmu 
seminis. The oviducts open externally on the upper side at the 
base of the lateral fin, close to the junction of the tail and the 
trunk. 

The cavity of the tail is divided into two lateral chambers by 
the extension backward of the median vertical mesentery. In 
each of these a testis and a vas deferens are found. The testes 
are solid ridges formed by the growth of the 
lining cells of this part of the body-cavity : 
the cells mature into spermatozoa, which 
break off and float freely in the coelomic fluid. 

At the breeding season the whole tail may 
be crowded with masses of spermatozoa, which 
are kept in a more or less regular circulation 
by the ciliated cells lining the body-wall. 

The vas deferens opens internally into the 
space where the spermatozoa lie, and at the 
other end into a vesicula seminis, which 
opens to the exterior. The position of the 
latter structure varies, and is of some syste- 
matic value. 

The eggs are laid in the water and as a 
rule float at the surface of the sea. tipadclla 
cephaloptera is, however, an exception to this 
rule, as it attaches its eggs by means of a 
gelatinous stalk to sea-weeds. The segmen- 
tation of the ovum is regular, and gives rise 
to a two-layered stage or gastrula , which 
opens by a pore, the blastopore . This does 
not, however, become the mouth, but closes 
up and the mouth arises at the opposite 
pole. Perhaps the most interesting feature 
of the development of Sagitta is that the 
cells destined to form the reproductive 
organs separate from the other cells of the 
embryo at a very early date, whilst it is 
still in the gastrula stage. There is no 

larval form, but the young hatch out from the egg in a state 
resembling the adult in all respects but that of size. 

Habits. — The Chaetognatha are essentially pelagic, and re- 


Fiu. 103 . — SjMtdcUa cepha- 
toptcra . Dorsal view, 
x 30. (From Hertwig.) 

а , Cephalic ganglion ; 

б, commissure to ventral 
ganglion ; c, olfactory 
organ ; d t alimentary 
canal ; r, ovary ; /, ovi- 
duct ; */, testis ; h, vesi- 
cula seininalis. 
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semble many other creatures that dwell at the surface of the 
ocean in being almost completely transparent. Most species have 
been taken far out at sea, but some are perhaps rather more 
numerous near the coast, and one species, Spaddla eephaloptera , 
is littoral. They swim by means of muscular movements of the 
whole body ; the fins have no movement of their own, and seem 
to serve as balancers, and not as locomotory organs. Although 
usually found at the surface of the water, many species have been 
taken at considerable depths. Chun 1 states that they are found 
in countless numbers at depths of from 100 metres to 1300 
metres. The commonest species at these depths are Sagitta 
hexaptera and Sagitta scrratodentata . Sagitta bipunctata , accord- 
ing to the same authority, confines itself to the surface. Whether 
the change of depth is diurnal, or whether it has any relation to 
sexual maturity, or to any other cause, has not been satisfactorily 
determined. 

The food of the Chaetognatha consists of floating diatoms, 
Infusoria, small larvae, and such Copepods as Calanus finmar- 
chicus, and small Amphipods as Phoxm plumosus. 2 At times they 
also devour small larval or post-larval fishes, and owing to their 
incredible numbers, they doubtless do considerable damage to sea 
fisheries. It is also recorded that they eat one another, and 
specimens have been taken which have ingested the whole body 
of another Sagitta except the head, which hangs out of the 
mouth of the eater,., and gives it the appearance of a double- 
headed monster. 3 It has been said that they attack liydroid 
polypes, but here at any rate they do not have it all their own 
way. Masterman 4 has figured the apical group of five polypes 
of Obelia , three of which are engaged in ingesting as many young 
Sagitta . 

They exist in incredible numbers ; Grassi describes the surface 
of the sea at Messina on certain days as being literally covered 
with them, and they must form the food supply of numerous 
animals which prey upon the pelagic fauna. The immense 
number of individuals is probably accounted for to some extent 
by the fact that they lay eggs all the year round, and pass 

1 Bill. Zool . vol. i. 1888-89, p. 1. 

- Scott, Annals of Scottish Natural History, 1892 and 1893. 

3 E. Ueraneek, Jlcv . Zool. Suisse , vol. iii. 1895, p. 137. 

4 Ann . May. Nat. Hist. 6th ser. vol. xiii. 1894, p. 440. 
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through a very shorb and rapid development. They are not 
known to be phosphorescent. ^*N)cY a 

Classification. — The features of the Chae- ^ Hr 
tognatha which have most systematic value c 

are the size of the adult, the relations of the l / 

length to the breadth, and of the three divi- \ rk "~ d 

sions to one another ; the size, number, and \ 77 

position of the lateral fins, and of the hooks :\j 

and spines on the head ; the thickness of the ^ 

epidermis, and the structure of the olfactory ' S 

organ ; and, finally, the form of the reproduc- i/j 
tive organs. Wa \ |--7> 

Strodtmann, 1 who gives the latest and most J j/t \ ft 

complete account of the species of Chaeto- | j/Jj ^i| 

gnatha, arranges them under three genera, %]/ j \\ iff 

which he characterises as follows : — vlll \ f 

(i.) Sagitta Slabber. — Two pairs of lateral \ 

fins, two rows of spines on the head. The V 

lateral thickening of the epidermis absent or 11 j 

insignificant. 1 ! 

Under this genus are included nine definite 1 

species and five others — 8. gracilis Verrill, ill II 

8. clegans Yerrill, S. darwini (Jrassi, 8. dip- rzrk ^ yu-i 

ter a d’Orbigny, and 8. trip ter a d’Orbigny — 
whose position, owing to the inadequacy of 
their description, is of doubtful validity. 

The distribution of the other species may J[ £ 

be mentioned. 8. hemp ter a is the largest >||yj8k 
Chaetognatli known, and reaches in the adult 
stage a length of 7 cm. It is very widely Fla h f CXm 

distributed, being found in practically all the x4. (From Hert- 
temperate and warm seas, usually at the sur- Rhodes ™terior 

face of the water, though at times it is found septum ; rf, aiiment- 

at a depth of one metre, or even deeper. 3. mLure^from C °the 

lyra, Mediterranean, very rare. S. tricusjn- brain . t0 the ventral 

data , widely distributed. 8. magna, Mediter- ^ngiion ; "g\ ovary*; 
ranean and Madeiran, living at the surface. terior^septum . p °} 
8. bipunctata , the most frequently described testfc ; U vesicuia 
form, smaller than the preceding species, 1-2 seminaiis. 

1 Archiv Natury. 58 Jahrg. Bd. i. 1892, p. 333. 


aptera. Ventral view, 
x 4. ( From Hert- 

wig. ) a , Mouth ; 
5, hooks ; c, anterior 
septum ; d, aliment- 
ary canal ; c, com- 
missure from the 
brain to the ventral 
ganglion ; /, ventral 
ganglion ; g , ovary ; 
h, oviduct ; i t pos- 
terior septum ; j, 
testis ; k, vesicula 
seminaiis. 
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cm. in length, widely distributed, and as a rule living near 
the coast line. S. serratodentata , Mediterranean. S. enjlata, on 
the surface of the sea, Mediterranean and Madeiran. S. minima , 
a very small species, 1 cm. in length, Mediterranean. S. falcidens , 
Atlantic, off the coast of New Jersey. 

(ii.) Krohnia Langerhans. — A single lateral fin extending on 

to both trunk and tail segment, 
no lateral epidermal extensions 
behind the head, only one row of 
spines on the head. Trunk longer 
than the tail. 

Krohnia has but two species : 

K hamata Mobius, with a length 

of 3-4 cm., found in the North 

Atlantic and at considerable 

depths, 200 to 300 fathoms ; 

and K. sahtilis Grassi, 1*5 cm. 

long, with an extraordinary slender 

body and a relatively large head, 

found at Messina, but very rare ; 

as a rule only one specimen lias 

been found at a time. 

(iii.) Spadclla Langerhans. — 

A single pair of lateral fins ; these 

are situated on the tail segment. 

Behind the head a thickening of 

the epidermis extends down each 

side of the body to the fin, or 

Fig. 105. — Spadella draco. Dorsal view, even far tlier. Two rows of spines 
x 12. (From llertwig.) a. Cephalic . . . , • ■, , 

ganglion ; A, commissure between the head. Small Unillials, liot 



cephalic ganglion and the ventral ; c, 
eye ; d , olfactory orgau ; e, aliment- 
ary caual ; ./, ovary ; </, oviduct (the 
line goes a little beyond the duct) ; h, 
testis ; j, vesiculu seminal is. 


longer than 1 cm. 


S. ceph-aloptera Busch is the 
smallest species of Chaetognatha, 
attaining at most a length of *5 
cm.. The body is not so transparent as in other species, and is of 
a yellowish colour. It has been found from the Orkney Islands 
to the Mediterranean. Strodtmann is of the opinion that the 
three species S. mariana Lewes, S. batziana Giard, and S. gallica 
Pagenstechcr differ from the above-named only in size, or that 
their description is tbo indefinite to permit of accurate# character- 
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isation. He recognises three other distinct species : S. • pontica 
Ulianin, from the Black Sea ; S. marioni Gourret, from the Gulf 
of Lyons ; and S. draco Krohn, Mediterranean and Madeiran, and 
from the Canaries. 

Much confusion has been introduced into the classification 
of the Chaetognatha by Grassi , 1 who calls some — but not all — 
of what other writers term Sagitta , Spadella, and vice versa. 
The following table was compiled by Strodtmann , 2 but I have 
incorporated in it two species recently described from Amboyna 
by Beraneck , 3 and called by him Sagitta bedoti and Spadella 
vougai respectively : — 


CHAETOGNATHA 

I. Two pairs of lateral fins ; two rows of spines on the head ; slender forms, 
(i.) Number of spines in posterior row greater than in anterior, 
a. Border of hooks smooth, their point not curved. 

a. No interval between the two fins on each side. 3*5 cm. long ; 4-7 
anterior spines, 8-11 posterior spines; olfactory organ lying 
entirely on the trunk. The anterior nerves of the ventral 
ganglion lie close to one another as far as the head. — Sagitta 
LYRA. 

/?. A distinct interval between the two fins on each side. 

aa. Adult animals large ; hooks 6-7 ; anterior spines 
3-4 ; posterior spines 5-7 ; tail \ or J of the total 
length; lateral areas relatively larger. — Sagitta hex- 
aptera. 

66. Greatest length 1-2 cm. 

aa. Thickening of the epidermis behind the head ; pro- 
minently projecting vesiculae- seminales ; olfactory 
organ very long ; hooks 8-10 ; anterior spines 4-6 ; 
posterior spines 10-15. — Sagitta bipunctata. 

/3/3. No epidermal thickening ; two caeca on the an- 
terior end of intestine ; length 1 cm. ; hooks 6-9 ; 
anterior spines 3-4 ; posterior spines 7-8 ; point 
of the hooks somewhat bent round. — Sagitta 
minima. 

yy. Epidermis thin ; no caeca ; hooks 8-9, their ends 
not bent ; anterior spines 3-4 ; posterior spines 
7-8 ; length 2 cm. ; small head ; trunk propor- 
tionately thick. — Sagitta enflata. 

88. Hooks 1 1-14, usually 12; length 1*8 cm.; anterior 
spines 6-7 ; posterior spines 18. — Sagitta fal- 
cidexs. 

1 I Chetognati, Flora u. Fauna d. Golfes von Neapcl , Mon. V. 1883. 

• 2 loc. cit. 3 loc. tit. 
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€€. Hooks 7 on each side ; length 1 *3 cm. ; anterior 
spines 8-10, posterior spines 18-22 ; no olfactory 
organ. — Sagitta bedoti. 

b. Edge of hooks toothed and their point bent round ; hooks 6-8 ; 
anterior spines 6-8 ; posterior spines 10-12 ; length l'& cm. ; 
' slender; conspicuously projecting vesiculae seminales. — Sagitta 

BE RRATODENTATA. 

(ii.) Number of the spines in posterior row smaller than in anterior. % 

а. Anterior spines 3 ; posterior spine 1 ; hooks 8 ; length 3*5 cm. 

— -Sagitta tricuspidata. r 

б. Anterior spines 4 ; posterior spines 3 ; hooks 10-13 ; length 4*1 

cm. ; tail £ of the total length. — Sagitta magka. 

II. One pair of lateral fins lying on the* trunk and tail ; one row of spines ; 

body slender ; epidermis not thickened. 

(i.) Hooks 8-9, bent like an elbow at the point, serrated in the young ; 
20-25 spines in a row; ovary reddish ; length 3-4 cm. — Krohnia 
hamata. 

(ii.) Hooks 8, broad at their base but very sharply pointed ; spines in a 
curved row, about 18, with a constriction below like the neck of a 
bottle ; body thin ; length 1-1*5 cm.— Krohnia subtilis. 

III. One pair of lateral fins, these lie on the tail ; body relatively very broad 

in consequence of the thickening of the epidermis lying behind the 
head; two rows of spines; greatest length 1 cm. ; tail and trunk 
usually the same length. 

(i.) A great extension of the epidermis behind the head, consisting of very 
large cells ; amongst these, at the level of the ventral ganglion, lies 
a bundle of stiff hairs ; tactile organ on papillae ; hooks 9-10 ; 
anterior spines 6-8 ; posterior spines 12-18. — Spadella draco. 

(ii.) Lateral extension of the epidermis not so conspicuous, and the cells 
composing it smaller. Tactile organs in little depressions. Trans- 
verse as well as'' longitudinal muscles in the trunk. Adhesive cells 
on the ventral surface of the body. No interval between the lateral 
fins and the tail fin. Two papillae on the head-hood elongated 
into club-shaped tentacles. Hooks 8-9, slightly serrated ; anterior 
spines 3-4 ; posterior spines 3-4* — Spadella qephaloptera. 

(iii.) Similar to the last-mentioned species, but the tail segment is larger 
than the trunk ; in the above it is of the same size. No adhesive 
cells. The fins are covered with papillae, and with a number of 
serrated spines pointed at both ends. — Spadella pontica. 

(iv.) Tactile organs and adhesive cells are unmodified epidermal cells. 
Anus dorsal. Orifice of oviducts ventral. No olfactory Morgan. 
Epidermis colourless. Lateral fins 'without rays. A pair of ganglia 
at the postero-lateral angle of the brain**— Spadella marioni. 

(v.) Tactile organs well developed on the head, trunk, and fins ; tail 
segment a little shorter than the. trunk. Body short, length 3-4 
4 mm. Hooks 9; anterior spinesv4-5, posterior spines 6-7. — 
Spadella vougai. 
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llOTIFERA, GASTROTRICHA, AND KINORHYNCIIA 

ROTIFER A — HISTORY — EXTERNAL FEATURES— MOVEMENT— ANATOMY 
REPRODUCTION EMBRYOLOGY CLASSIFICATION DISTRI- 
BUTION AFFINITIES GASTROTRICHA — KINORHYNCHA 

Tiie Eotifera arc microscopic animals, the largest not exceeding 
one-eighth of an inch in length. According to Hudson and 
Gosse, 1 they are first recorded in an observation of the Rev. John 
Harris, in 1696, of "an Animal like a large Maggot which could 
contract itself into a Spherical Figure, and then stretch itself out 
again ; the end of its Tail appeared with a Forceps like that of 
an Ear-vHy” 2 This was certainly a Bdelloid Rotifer. 

In 1703 Leeuwenhoek 8 gave a fuller description of a tubico- 
lous form, probably Limnias , and noted the peculiar appearance 
of the ciliary wreath as “ two wheels thickset with teeth as the 
wheel of a watch.” He also noted a little later 4 the way in 
which Melicerta (see p. 206) builds its tube, and was the first to 
observe the revivification of certain species after drying. 5 Joblot, 
a French professor of mathematics, in 1718 figured and described 
a large number of new genera and species with more or less 
fantastic details. Baker’s figures 6 are a considerable advance on 
Joblot’s, and his descriptions of habits are still fresh and accurate. 
Eichhorn found a number of new and interesting forms ; and O. 
F. Muller, influenced by the new discipline of Linnaeus, not 

1 The Rotifera , two vols. and supplt. London, 1886-89. 

a Phil . Trans . vol. xix. No. 220, p. 254 (abridged ed. vol. iii. 1705, p. 651). 

3 Ibid. vol. xxiii. No. 283, p. 1304 (abridged ed. vol. v. p. 6). 

4 Ibid . vol. xxiii. No. 295, p. 1784 (abridged ed. vol. v. p. 175). 

5 Ibid. No. 337, vol. xxviii. 1714, p. 160. 

8 Employment for the Microscope. London, 1785. 
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only figured many species, but gave good short diagnoses of their 
characters. Ehrenberg in 1838 brought out his magnificent 
Infiisionsthierchen , which contains descriptions and figures of 
what are now divided into Protophyta, Protozoa, Rotifera, and 
Gastrotricha. Dujardin’s monograph on the “ Infusoires,” in the 
Suites a Buffon } was in several respects an advance on Ehren- 
berg, whose power of observation was so great as to render his 
mistakes the more inexplicable. But Ehrenberg ever adhered to 
liis errors as firmly as to his facts. 

The occurrence of Rotifers among microscopic plants induced 
the botanists Cohn and Williamson 2 to work at their structure; 
the group has been studied by men engrossed in other profes- 
sional cares, such as Gosse, Bedwell, Moxon, Kousselet, and 
Maupas. Huxley, 3 Leydig, 4 and Cohn 5 studied Rotifers in the 
’50’s and early ’(iO’s with a precision the more remarkable when 
we remember the imperfect methods then available. This period 
was. closed by the valuable monograph published in Arlidge’s (4th) 
edition of Pritchard’s Inf usoria ,° under the supervision of W. C. 
Williamson. Leidy began the study of the American Rotifers. 
Eckstein 7 gave a careful and interesting account of the species 
about Giessen in a richly illustrated paper. I 11 recent times the 
modern methods of histological and embryological research have 
been applied by Vallentin, 8 Plate, 0 Tessin, 10 and Zelinka, 11 the 
three Studien ueber Jiotatorien of the last author being indispens- 
able to every student, and containing a full bibliography. 

Hudson and Gosse’s Monograph (1886-89) contains a history 
of the class to which, as to the whole book, we are deeply in- 
debted ; and a full systematic account of all published species. 12 
C. Rousselet has introduced a method 18 of preparation of Rotifers 
in microscopic slides which enables workers to preserve the types 
they figure and describe for future identification and comparison. 
Gunson Thorpe has collected and studied Rotifera in China and 

I Paris, 1841. Quart. Journ. Micr. Sci. vol. i. 1853, pp. 3-8, 65-76. 

3 Trans . Mice. 80 c. London , vol. i. (n.s.), 1853, pp. 1-19. 

4 Vtrh. Ges. JViirzb. vol. iv. 1854 ; Zcitschr . vriss. Zool. vols. iii. vi. 1851-55. 

5 Zcitschr . wiss. Zool. vols. vii. ix. xii. 1856-58-63. 

6 London, 1861. 7 Zcitsclir. iviss. Zool . vol. xxxix. 1883. 

8 Ann. Nat. Hist. ser. 6, vol. v. 1890, p. 1 ; viii. 1891, p. 34. 

0 Jen. Zeitschr. Nat. vol. xix. 1886; and Zcitschr. vriss. Zool. vols. xliii. xlix. 1886-90. 

10 Zeitschr . wiss. Zool. vol. xliv. 1886, p. 273. 

II Ibid. vol. xliv. p. 396 xlvii. 1888, p. 353 ; liii. 1892, p. 1. 

14 For additions seo Rousselet, J. Hoy. Slier. 80 c. 1893 and 1897. 13 See p. 228. 




VIII 


DEFINITION 


I99 


Australia. It would be unfair not 
services of the late Thomas Bolton, 
and his son of the same name, 
both of Birmingham, and of J. 
Hood of Dundee, who have found 
and widely distributed living 
specimens of new, rare, and in- 
teresting species. 

Definition of the Class. — We 
may define Iiotifera as a class of 
minute bilaterally symmetrical 
animals, with a eliitinous integu- 
ment, a soft terminal “ disc ” 
fringed by a complex ciliary 
“ wreath,” an anterior or sub- 
ventral mouth, and a dorsal 
cloacal aperture, beyond which 
the body is usually prolonged into 
the “ foot ” or process bearing 
cement glands, and serving for 
attachment, temporary or perma- 
nent. The body-cavity lias no 
epithelial lining, and is traversed 
by nerves and muscles. The 
alimentary canal possesses a cliit- 
inous gizzard or mast ax of pecu- 
liar arrangement, and it usually 
opens into a cloaca. The nervous 
centre consists of a ganglion on 
the dorsal side of the pharynx, to 
which a second one on the ven- 
tral side is sometimes connected 
to form a complete ring ; eyes 
and bristle -bearing feelers are 
usually present as sense-organs. 

A paired system of renal tubes 
serves for excretion, opening 
through a median contractile 
bladder into the ventral side of the 


to record here the invaluable 



Fro. 106. — Hydatina scuta, ventral view. 
(After Plate.) id. Lateral antenna ; 
bl y bladder ; ci y cingulum ; c, e, eggs 
in uterus \fy, foot gland ; //, gizzard ; 
gy, gastric gland ; yin, gerinuriuin or 
ovary ; yr, ciliated lobes of “ groove ” ; 
?, intestine ; k, k , kidneys ; m, mouth ; 
ns, nephrostonic ; <><\ oesophagus ; tv, 
renal commissure, transverse tube unit- 
ing kidneys above mouth ; s, stomach 
overlaid by reproductive organs ; t.r, 
troclius ; n, uterus ; riw, vitellariuin 
or yolk-gland. 


cloaca. The sexes are distinct ; 


but the males (Fig. 107), which mostly lack digestive organs, occur 
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rarely, and the females are usually viviparous, or carry about 
the eggs till they are hatched ; while, owing to the rarity of 
the males, parthenogenesis is habitual, fission and budding are* 
alike unknown. The fertilised eggs are of the kind termed 
“ winter ” or “ resting ” eggs, and resist conditions adverse to life. 

The Eotifera are of cosmopolitan distribution ; most of the 
species inhabit fresh water, whilst some are brackish, and a few are 
marine; 84 genera and about 700 species have been described. 



Fin. 107. — Male Rotifers. (After Hudson. 1 ) 1, Floscnlaria camjmnulatn ; 2, Jjacinu- 
laria smualis ; 3, Not ops hrachionus ; 4, St/uchaeta tremnla ; 5, A spin. rich na cbbes - 
hornii ; 6, Hrachionus urccolaris ; 7, Snip it ui mucronata ; 8, Petlalion minim. 


External Features . 2 — The body is divided into three regions : 

(1) the hcad y ending in the disc, which bears the ciliary wreath ; 

(2) the trunk , containing the viscera; (3) the foot, which only 
contains muscles, nerves, and cement-glands. The general form 
of the body varies greatly : it is spherical in Trochospliacra, 
ovoid in Asplanclinidae, conical in Scirtopoda, Triarthridae, and 
Sync hart a ; moderately elongated in the majority of the Ploima, 
among which some forms are very flat, like Pterodina , Metopidia , 
and Brachionus ; shortly elongated and cylindrical in Hydatina 
(Fig. 106), Notommatidae, and many others. In Taphrocampa 
it is cylindrical and segmented, while the segments are tele- 

1 Quart. Joum. Micr. Soc. (n.s.) vol. xxiv. 1884, p. 352. 

2 The definition of the Orders and systematic position of the genera and species 
referred to under this head will be found in a following section (pp. 220 f.)'. 
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scopic in the Bdelloida, both ends being retractile into the 
middle segment. In most attached, tube-dwelling forms the body 
is ovate, tapering behind into the elongated stalk-like foot. 

The foot at the hinder end of the body is usually more or 
less jointed ; in Pterodina and Brachionus it is long, transversely 
wrinkled, and retractile. Usually it terminates in a couple of 
acute, mobile toes, perforated at the tips by the ducts of the 
pedal glands (Fig. 106, fg ), whose viscid secretion serves to 
anchor the animal. In Motifcr there are three of these toes, 
which are retractile, and in addition there are in this genus, as 
in most of the Bdelloida, toe-like pointed spurs in pairs on the 
more proximal joints of the foot. In Callidina the spurs are 
often perforated, and the toes are replaced by numerous openings 
on the last joint of the foot (Fig. 109, A); while in Discoptts the 
end of the foot expands into a large disc, with numerous pores 
for the exudation of the pedal cement, and there are no spurs. 
In Pedal-ion mirum the foot is represented by two tubular pro- 
cesses ciliated at the apex and at the outer side near the base 
( Fig. 117,/). These are inconstant in size and form, that of ones 
side being sometimes reduced or absent, while both are absent 
in the closely allied species P. fennicum . 

In Meliccrtidac and Flosculariidae the long foot ends in an 
expanded disc, which is cupped and ciliated in the larva (Fig. 
112, B) and in the larva-like male (Fig. 107); but in two 
species it is prolonged into a long flexible thread which is not 
contractile. The foot is also, elongated in the Bdelloid genus 
Ac timer us and the Ploimal genus Scaridium . It forms a mere ven- 
tral disc in Apsilus (and Atrocious ?), and is absent in Asplanchnidae 
(except Asplanchnopus ), Triarthridae, and Anuraeidae, and in the 
genera Trochosphaera (Melicertaceae) and Pompholyx ( Pterodinidae). 

The fringed spines of Triarthridae are jointed appendages 
moved by powerful muscles ; in Triarthra one is median and 
ventral, the others being attached to the shoulders. In Polyarthra 
there are twelve flattened and serrated spines, a bunch of three 
being attached to the dorsal and ventral faces of either shoulder. 
An easy transition leads to the hollow appendages of Scirtopoda, 
which end in a fringe of bristly hairs, themselves feathered with 
finer hairs (Fig. 117). These processes are in Pedalion six in 
number, two median (respectively dorsal and ventral), two antero- 
lateral, and two postero-lateral. As they contain proper muscles. 
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and the posterolateral pair contain part of the nephridia and 
bear the lateral antennae, they are true outgrowths of the body, 
and are not homologous with the spines of Triarthridae. 

The front of the body constitutes the UK AD, which is scarcely 
distinct, though usually separated by a slight neck-like con- 
striction. The Disc, which terminates the head, varies greatly 
in shape and in the arrangement of its parts. Imagine a 
circular funnel, finely ciliated within, and with the mouth at 
the bottom, the prominent rim bearing two zones of cilia, the 
inner or anterior being the coarser, and termed the “ troclms ” or 
hoop; the outer finer, and termed the “cingulum” or girdle, 
while a very finely ciliated groove lies between the two zones. 




Fro. 108. — Diagram- 
matic views of disc 
of Rotifers. Cin- 
gulum represented 
by a black line, 
groove shaded ; tro- 
chiis dotted ; the 
black spot repre- 
sents the mouth. 1, 
Simple disc of Mi- 
crocoiion; 2, Bdelloid 
disc of lint if r r or 
Gall Mina , the star 
represents the cili- 
ated proboscis ; 3, 
disc of Hydatina , 
groove represented 

v by lobes bearing cili- 

ated styles ; 4, disc of Melicertn , the star represents the ciliated ventral cup with open- 
ings into it from the groove ; f>, disc of CtmochUtis ; ti, disc of Stephanoccros , cingulum (?) 
of setose lobes, trochus horseshoe -shaped, mouth central. 




Either or both of these zones may be interrupted on the dorsal 
or ventral median line, or both ; and the funnel-shaped mouth 
may be shifted — usually ventrally, so that it forms only a dila- 
tation of the ciliated groove. Again, the wreath as a whole may 
be festooned or lobed ; or the lobing may be confined to the area 
between the cingulum and trochus, as in most Ploima (Figs. 106 
and 108, 3). Very frequently on these lobes adjacent cilia are 
fused together during life, producing “ vibratile styles,” whose 
true nature is (Inly revealed after death. In Microcodonidae the 
structure of the disc; (Fig. 108, 1) nearly conforms to the primi- 
tive type ; but the ciliated groove is absent, and the “ trochus ” 
is in two separate lialf-elliptical bands. In the Flosculariaceae 
(Fig. 108, 6) the mouth is also central, the disc is funnel-shaped, 
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and the trochus is a horseshoe-shaped ridge, with its ends dorsal 
and raised into prominent knobs. The margin of the funnel 
is in Flosculariidae (Fig. 115) usually lobed, and furnished either 
with exceptionally strong cilia, or else with very long bristles 
which are usually passive. However, by the retraction of the 
lobes that bear them they are clasped together like casting-nets 
to enclose prey brought into the funnel by the action of the 
trochal cilia. An external ring of cilia in Floscularia mu tab ilia 
and F. pelagica serves for swimming. In Apsilidae the margin 
of the disc bears neither cilia nor bristles, but is either simple 
and ring-like, or is produced into tentacles (Fig. 112, C). The 
oral funnel is probably represented in Flosculariuceae by the con- 
tinuation of the small central mouth into a ciliated tube (Fig. 
115, C, ff), open below, and hanging freely down into the crop. 

In all other cases the mouth is displaced, and lies in the 
groove and on its ventral side (except in Conochilus , where it is 
dorsal, Fig. 108, 5). In the Bdelloida the disc is prolonged into 
two great lobes like kettle-drums, round the posterior, external, 
and ventral edges of which run the trochus, cingulum, and cili- 
ated groove (Fig. 108, 2). All three are interrupted behind in 
the median line ; ventrally the groove widens into the oral 
funnel, the cingulum is continued into a sort of spout-like lower 
lip (Fig. 109, C, D, /), and the trochus is absent. The body is 
prolonged dorsally above the lobes into a two-jointed jtrohimis, 
ending in a ciliated cup overhung by two dorsal flaps : this we 
regard as a detached portion of the wreath. 

This “ Bdelloid ” type of wreath occurs also in Scirtopoda 
(Fig. 117), and in the Ploimal genera Triart kr a, Fterodiva , and 
Fompholyx. A simpler wreath of essentially the same type occurs 
in Asplanchnaceae and Melicertaceae ; the disc is not prolonged 
into drum-shaped lobes, but is thin at the rim, where it bears 
the triple ciliated zone, interrupted on the dorsal median line and 
depressed ventrally into the oral funnel. In the Melicertidae, 
moreover, the disc is widened into a great plate-like extension, 
often beautifully lobed ; and in many of the species a ciliated 
cup lies ventral to the lips, and is connected with the groove by 
a short ciliated channel on either side (Figs. 108, 4, and 116). 
Even the simpler wreath of Asplanchnidae is complicated by 
stronger lobes on either side bearing vibratile styles. 

The most complex discs are found in Ploima, especially in 
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Brachionus , Hydatina , and Synchaeta y since the groove is replaced 
by a zone of lappets, as above mentioned. In Proales the whole 
face of the disc is strongly ciliated. The wreath is reduced 
in the parasitic genera Drilophagus, Albertia , Balatro, and the 



Fm. 109. — Callidina symiiotica. (After Zelinka.) A, Ventral view, with the disc half 
expanded, proboscis extended ; B, lateral view, proboscis extended ; C, ventral 
view of anterior segments with expanded disc ; D, lateral view of same (proboscis 
retracted), a. Antenna ; hi, bladder (enlargement of rectum) ; c, ciliated cup of 
the proboscis ; ci y cingulum ; cl, cloaca ; cp, group of pores, the openings of cement 
glands ; di, disc ; g, gizzard ; gm, germarium (that of the opposite side seen at a 
higher level) ; gr, ciliated groove ; kidney ; l, lip ; m, mouth ; pr, proboscis ; ftp, 
spurs of foot ; tr, large cilia of trochus, showing vertical movements ; vm, yolk- 
gland. The body muscles are represented by shaded bands. 


Seisonaceae ; in Adineta and Taphrocampa it is only represented 
by a general but scanty ciliation of the disc. 

The head is very frequently retractile, as a whole, by strong 
muscles. In Bdelloida the disc proper is retracted when the 
animal crawls, while the proboscis is exserted (Fig. 109 ). 
Ciliated patches occurring outside the region of the disc point to 
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a primitive condition when the whole surface of the body was 
ciliated, as does the partial ciliation of the foot in certain groups. 
Synchaeta and many Notommatidae possess a pair of lateral, 
hollow, ciliated pits on the body, which can be everted to serve 
as additional swimming organs ; these are termed “ auricles.” 

The cuticle varies much in texture. It may be smooth and 
flexible, dotted or shagreened, or in the Loricata firm and of 
definite shape, constituting a lorica, which may be more or less 
distinctly divided up into areas or separated into distinct pieces. 
In this case it resists decomposition, and several species are only 
known by this “ skeleton.” In Ploesorna it is much thickened 
and looks like a honeycomb. A regular alternation of harder and 
softer zones effects the annulation of the body in certain genera. 

The liypoderm or protoplasmic layer of the skin has no cellu- 
lar boundaries, though it contains large and distinct nuclei ; it 
is usually somewhat granular. It forms the wall of the body- 
cavity, which contains a transparent liquid without corpuscles. 

The principal external glands are the pedal or cement-glands, 
which secrete a viscid substance that sets in water and serves to 
anchor the animal. They are formed from an ingrowth of the 
liypoderm, are usually paired, and open by fine ducts on or near 
the apex of the toes, when these processes of the foot are present 
(Fig. 106 ,/</). These glands are mostly absent when there 
is no foot, as in most Asplanclinidae and in Anuraeidae, but in 
Asplanclina herrickii a small gland on the ventral side of the 
cloacal aperture appears to represent the last rudiment of the foot. 

In addition to these, the ciliated ventral cup below the disc 
of many Melicertidae secretes a viscid substance (Fig. 116, p ) ; 
and possibly the whole surface of the body is secretory in those 
species of this group, and of the Flosculariidae, whose tube (Fig. 
115, A) is uniform and not made of pellets. In several other 
species belonging to Bdelloida and Ploima-Illoricata a viscid 
secretion of the surface of the body renders it “ sordid ” with 
adherent particles of dirt. 

When the secretion takes the form of a tube, the body can be 
wholly withdrawn into it by the contraction of the foot. In 
Floscularia, Stephanoceros, and Conochilus the tube is hyaline and 
thin-walled; in Oecistes and Cephalosiphon it is more or less 
floccose; and in Limnias it is thin, firm, and annulated. In 
Melicerta and some species of Oecistes the tube thus secreted by 
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the body is only formed in a very young state. In M. janus 
and M. pilula it is increased by the successive deposition of ovoid 
faecal pellets on to the rim. In M. ringens (Fig. 1 1 6) and M. coni - 
fera pellets are formed of the excess of the food particles brought 
to the disc by the ciliary current ; they are carried through the 
gutters on either side of the projecting ventral lip or “ chin ” 
into the ciliated glandular cup on that side of the head. Here, 
as they revolve, they are cemented together into a pellet which 
is spheroidal in the former species, cylindro-conoidal with a basal 
hollow like a rifle-bullet in the latter. After a pellet is com- 
pleted the animal stoops down and deposits it on the edge of the 
tube. This may easily be verified by furnishing a young 
MeMcerta with water containing solid particles of carmine. M. 
tubicolaria forms a thick tube which is laminated, the laminae 
being directed upwards and outwards, and having diatom shells, 
etc., between the layers. In this case we have observed that the 
faeces are pellucid, and sometimes are so ejected as to lie in a 
sheet against the funnel-shaped mouth of the tube, and we are 
inclined to believe that the tube itself is formed altogether in 
this way. A similar process probably occurs in Oecistes crystal - 
linns and Oe; umbclla. 

The muscles are simple elongated fibres, usually having near 
the middle a mass of granular protoplasm containing a nucleus ; 
they may be smooth or striated. The principal muscles of the 
body are conspicuously striated in many active free-swimming 
forms ( Pedalion , Synchaeta , Pterodina , Triarthra). 

The muscles of the body- wall are transverse and longitudinal. 
They are best seen in Bdelloida. The principal muscles of the 
body-cavity are longitudinal ; the most conspicuous and constant 
are the retractors of the disc and of the foot, protraction of these 
organs being usually accomplished by the contraction of the 
transverse muscles. Special muscles effect the vigorous spring- 
ing of the Triarthridae and Scirtopoda ; in the former group the 
muscles only raise the spines, and their elastic recoil is the 
actual mechanism of progression; but in the latter (Fig. 117) 
special flexor muscles of the limbs are the effective agents of the 
leaping movements. 

Movements. — The Eotifera vary very greatly in their move- 
ments. The cilia of the disc, and especially of the trochus, are the 
principal organs of prehension of food, and also of swimming when 




VIII 


MOVEMENTS 


207 


the animal is not fixed by its foot. In some cases, as in Bdelloida, 
the cilia lash downwards successively in the longitudinal plane of 
the body (Fig. 109, C, 1)); this motion during fixation produces 
a hollow vortex ring, like the rings of a skilled cigarette-smoker, 
but when the animal is free it determines a simple forward pro- 
gression through the water. In other cases the animal rotates 
on its long axis, or may even turn somersaults (, Synehacta ). The 
appearance of the spokes of a wheel is a pure illusion due to the 
greater visibility of the cilia in their slow recovery than in 
their instantaneous down-lash. The finer cilia of the groove and 
cingulum play a very minor part in the act of swimming, and in 
the production of the great vortices at the edge of the disc when 
the animal is fixed ; they serve to direct the particles brought by 
the vortices to the edge of the disc onwards towards the mouth. 
It is easy to see that the stream must be in opposite directions 
on opposite sides of the groove ; its prolongation across the dorsal 
median line would be useless, which explains the existence of 
the dorsal median gap. At the ventral side we usually find a 
prominent ciliated lip, whose cilia work outwards, and carry off 
the excess of food particles as by an overflow spout. I 11 many 
cases among the Notommatidae, Coluridae, etc., the disc serves as 
much for creeping over organic debris as for swimming. 

We have already noticed the springing bristles and limbs 
of the Triarthridae and Scirtopoda respectively ; the great foot 
of Scaridium is also used for leaping. The Bdelloida have the 
power of retracting their disc and progressing in loops like a 
leech or looper (Geometrid) caterpillar. 

Baker, in a letter addressed to Martin Folkes, Esq., President 
of the Koyal Society, dated London, 16th January 1744-5, 1 gives 
the following lively account of the aspect and movements of 
Philodina roseola belonging to this group, with figures, some of 
which we reproduce from the original copper-plate engraving : — 
“ I call it a Water Animal , because its Appearance as a living 
Creature is only in that Element. I give it also for Distinction 
Sake the Name of Wheeler , Wheel Insect or Animal ; from its 
being furnished with a Pair of Instruments, which in Figure and 
Motion appear much to resemble Wheels. It can, however, con- 
tinue many Months out of Water, and dry as Dust ; in which 
Condition its Shape is globular, its Bigness exceeds not a Grain of 
1 Reprinted in Baker’s Employment for the Microscope , 1785, pp. 267 f. 
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Sand, and no Signs of Life appear. Notwithstanding, being put 
into Water, in the Space of Half an Hour a languid Motion 
begins, the Globule turns itself about, lengthens by slow Degrees, 
becomes in the Form of a lively Maggot , and most commonly in 
a few Minutes afterwards puts out its Wheels, and swims 
vigorously through the Water in Search of Food ; or else, fixing 
by its Tail, works them in such a Manner as to bring its Food to 



Fia. 110. — PhilmUna roseola. (After Baker.) A, B, Crawling, with extended proboscis, 
ami showing antenna ; C, D, E, attached, with “ wheels ” extended for catching 
food ; F, attached, with anterior end retracted. 

it. But sometimes it will remain a long While in the Maggot 
Form and not shew its Wheels at all. . . . 

“ If the Water standing in Gutters of Lead, or the slimy 
Sediment it leaves behind, has any Thing of a red Colour, one 
may be almost certain of finding them therein , 1 and, if in Summer, 
when all the Water is dried away, and nothing but Dust remains, 
that Dust appears red, or of a dark brown, one shall seldom fail, 

1 “ Wheel Animals , though found with most Certainty in Leaden Gutters, etc. are 
often discovered in the Waters of some Ditches, and likewise in Water that lias stood 
a considerable Time even in the House ; for 1 have often met with them, in sufficient 
Plenty, in a Sort of slimy Matter that is apt to be produced on the Sides of Glasses 
and other Vessels, that are kept long with the Infusions of Hay or other Vegetables ; 
and probably they are wafted thither by the Air, when in the Condition of little 
dry Globules.” 
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on putting it into Water, to discover Multitudes of minute reddish 
Globules, which are indeed the Animals, and will soon change 
their Appearance, in the Manner just now mentioned. . . . 

“A Couple of circular Bodies, armed with small Teeth like 
those of the Balance-Wheel of a Watch, appear projecting 
forwards beyond the Head, and extending sideways somewhat 
wider than the Diameter thereof. They have very much the 
Similitude of Wheels, and seem to turn round with a considerable 
Degree of Velocity, by which Means a pretty rapid Current of 
Water is brought from a great Distance to the very Mouth of 
the Creature, who is thereby supplied with many little Animal- 
cules and various Particles of Matter that the Waters are 
furnished with. 

“ As these Wheels (for so from their Appearance I shall beg 
Leave to call them) are every where excessively transparent, except 
about their circular Rim or Edge on which the Cogs or Teeth 
appear, it is very difficult to determine by what Contrivance they 
are turned about, or what their real Figure is, though they seem 
exactly to resemble Wheels moving round upon an Axis. . . . 

“As the Animal is capable of thrusting these Parts out, or 
drawing them in, somewhat in the Way that Snails do their 
Horns, the Figure of them is different in their several Degrees of 
Extension and Contraction, or according to their Position to the 
Eye of the Observer, whereby they not only appear in all the 
various Forms before represented, but seem at certain Times as if 
the circular Rim of the Wheel or Funnel were of some Thickness, 
and had two Rows of Cogs or Teeth, one above and the other 
below that Rim.” 

Digestive Organs. — The pharynx is usually a narrow ciliated 
tube, which varies in length from genus to genus, but in no 
other important point, save in Flosculariidae, where it assumes the 
form of a crop, into which the mouth hangs freely down as a 
narrow ciliated tube. At its lower end is an enlargement, the 
mastax or gizzard . 1 This is a strong muscular sac containing 
the troplii or hard chitinous chewing organs, with an antero- 

1 Gosse’s account of the “Structure, Functions, and Homologies of tile Mandu- 
catory Organs in the Class Rotifera ” (in Phil. Trans . 1856) remains as the most 
complete anatomical account we have, though his attempt to identify these parts 
with the modified limbs of the Arthropod mouth has met with no support from 
subsequent workers. Gosse rendered these parts clearly visible by the use of 
dilute caustic alkali. 
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ventral inlet from the pharynx, and a postero-dorsal outlet 
through which the food passes into the stomach either directly 
or through a slender gullet (Fig. 106, oe). In the ventral wall 
of the gizzard of most Ploima is a median piece, the fulcrum , 
from which run forwards and upwards two pieces, the rami , 
which are hinged on the fulcrum. The Y-shaped structure 
formed of these three pieces is called the incus (anvil). At 
either side of the gizzard and at a higher level is a paired piece, 
the malleus , so called from its resemblance to a hammer, of which 
the manubrium (handle) looks backwards, and is embedded in 



Via. 111. — Diagram of troplii. (After Hudson.) A, Malleate ; B, submalleate ; C, 
virgate ; D, forcipate ; E, malleoramate {Mel leer ta) ; F, immdate (A-splu nchna) ; G, 
uncinate ( Stephanoceros ) ; H, ramate (Rotifer). /, Fulcrum ; i, incus ; met, manu- 
brium (malleus in G) ; r, ramus ; nn t uncus. 

the side walls of the mastax, while the toothed claw or uncus 
looks forwards and inwards, and is hinged at its inner side with 
the tip of the ramus. As the unci and rami are usually strongly 
toothed, this gizzard forms a very efficient apparatus for chewing. 
In some cases, when the pharynx is short an<jl dilatable, the 
points of the unci and rami may be protruded for biting, for 
clinging to the host (in the parasitic genera Albertia and Drilo- 
phayus), or for the prehension of food (Rattulidae, etc.). 

The type we have just described is termed the “ malleate ” 
type (Fig. Ill, A). If all the trophi are slender and scarcely 
toothed, we have the “ virgate ” type (C), which is frequently 
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asymmetrical. In the “ submalleate ” type (B) the mallei only 
are slender; in the “ forcipate ” type (D) both the unci and 
rami are slender and sharply pointed . 1 In the “ malleoramate ” 
type (E) the manubrium is a curious looped structure, while the 
uncus is formed of a number of parallel slender elongated teeth ; 
this characterises the family Melicertidae, and the genera Triar- 
tlira , Pterodina, and Pedalion. In the “ uncinate ” type (G) the 
mallei are simply incurved hooks with a few teeth at the free 
end, the rami are simple or absent, and there is no fulcrum ; this 
type occurs in Flosculariaceae only. In Asplanclinidae the rami 
are large and hooked, constituting the “ incudate ” mastax (F) ; 
but here reduced mallei are often present, and in Asplanchnopus 
they are almost as well developed as in Melicertidae, affording a 
transition to the malleoramate type. Tn this group too the 
mastax has a very peculiar form ; it is divided into two cham- 
bers, dorsal and ventral. The dorsal chamber forms a great 
purse-like sac or crop, with a framework of four longitudinal bars : 
into this the gullet and pharynx open. The ventral pouch is 
much smaller, and in its base the large rami are inserted, so 
that they can be protruded into the crop. This ventral sac 
with the rami may even be everted through the crop and the 
mouth, to swallow the small Rotifers and Entomostraca which 
form the food of this group, or to eject the undigested remains 
of the food. Two lateral sacs open at the junction of the ventral 
pouch and the crop, but whether they play a part in the deglu- 
tition of food or in the disgorging of faeces is uncertain. The 
fact that the whole of this apparatus is lined by a noil-ciliated 
chitinous cuticle justifies our view that it is simply an enlarge- 
ment and specialisation of the mastax. 

The trophi in Bdelloids also are only represented by the 
rami, which have the form of segments of a sphere, excavated 
on the curved sides for the attachment of muscles, and trans- 
versely ridged on the two flat sides ; the gizzard is here called 
“ ramate ” (H). 

It will be seen that the characters of the gizzard are very 
useful for classification, only breaking down indeed in the 

1 A modification of this type is seen in the parasite Drilophagus , where the unci 
and rami arc two-pronged at the end, but the trophi are not movable on one 
another, but protrusible as a whole to serve as an organ of attachment to the 
Oligochaete Lumbriculus , to which this Rotifer attaches itself. See Vejdovsky, 
“Ueb. Drilophaya bucephalus etc., in SB. B'ohm . Gcs. Jalirg. 1882 (1883), p. 390. 
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Ploima ; for though the majority .of these present one or other of 
the four varieties of the malleate type, Triarthra and Pterodinit 
(but not the other genera of their respective families) have t^e 
gizzard malleoramate. 

The oesophagus is, when present, a contractile ciliated tube in 
which the food makes no sojourn on its way to the stomach. 

The stomach may be nearly spherical, ovoid, or elongated and 
cylindrical. Its walls are formed of large cells, often granular 
and sometimes brownish, whence a hepatic function has been 
assigned to them. Its apertures are both surrounded by con- 
stricting muscular fibres. The intestine may be simple or 
divided by a similar constriction into intestine proper and 
rectum . The whole of the alimentary tract, with the exception 
of the mastax, is richly ciliated within. The rectum opens into 
the slender non-eiliated cloaca. The intestine is sharply bent 
upwards and towards the back in the tubicolous forms, but is 
nearly straight elsewhere ; in Trochosphacra and Apsilus it is 
bent ventrally. In Asplanchnaceae and in Paraseison there is no 
rectum, the stomach being a blind sac. 

The so-called salivary glands , usually two in number, open 
into the pharynx or mastax ; and the paired gastric glands (Pig. 
106, gg) open into the oesophagus or stomach. While the pre- 
hension of food is usually accomplished by the ciliary current 
of the disc and pharynx, we have seen that a more active 
swallowing action -takes place in Flosculariaceae and Asplancli- 
nidae, which devour whole Algae, Infusoria, and even other 
Rotifers, the long spines of Triarthra not availing as a protec- 
tion. Many Ploima put out the tips of their trophi to nibble 
at debris, or, in the case of Diglena and Distemma , to attack 
Desmids, or the Infusorian Stentor . But this use of the trophi 

is most efficient in Ploesoma . Bilfinger 1 writes : “ It has the 

courage to attack larger Rotifers ; thus I was able to observe 
under the microscope how it fell upon a Battulus but little 
smaller than itself and destroyed it. First it plunged the sharp 
prongs of its mastax deep into the tender frontal area of its 
unhappy victim ; then followed a pumping action of the gizzard, 
and stroke by stroke the whole contents of the victim’s body # 
passed into the brigand’s stomach.” From this it is an easy 
transition to the ectoparasitism • of Drilophagus , Balatro, and 
1 ** Zur Rotatorien Wiirttemburgs,” in Jahrcsb. Ver. TVilrt. vol. 1. 1894, p. 57. 



VIII 


KIDNEYS 


213 


' some species of Alberiia, which cling to their host by the 
* fexserted trophi. 

Renal Organs. — The kidneys consist of a pair of convoluted 
tubes, formed of a succession of perforated, so-called “ drain- 
pipe ” cells (Fig. 106, k); they open directly or indirectly into 
the cloaca. Their walls are thin in the straight parts, but thick 
and glandular in the coils which occur at intervals. These tubes 
bear little tag-like appendages, hanging freely into the body- 
cavity, often widening towards the free end, and flattened or 
circular in section (Fig. 100, ns). They show during life a 
peculiar flickering motion in their interior, like the equivalent 
“ flame-cells ” of many Platyhelminthcs (see p. 25), and are in 
function the representatives of the multicellular renal funnels 
of Annelids. On one side, especially on the edge of the flattened 
tags, the appearance is as of a tapering whip-like lash, attached 
by its base to the free end of the tag find waving in its cavity ; 
but the side view of the flattened tags shows an appearance of 
successive transverse or oblique waves. In many if not all cases 
the free end of the tag is closed by a vacuolated plug of proto- 
plasm, which sometimes fit least bears two flagella waving freely 
in the body-cavity. The probable explanation of the two dis- 
tinct wave appearances within the tag is that the protoplasmic 
plug bears on its inner face a row or tuft of long cilia hanging 
down into the cavity of the tag. The tags probably keep up a 
current of liquid through the kidneys, while the contents of the 
body-cavity are constantly replenished by osmosis. 

The two renal tubes may end blindly below the disc, or else 
join by a short transverse dorsal communication in front of the 
brain, as in Stephanoceros, Atrocious (Fig. 112, C), and Apsifus 
among Flosculariaceae,Z^im^/*we among Melicertidae, find Ht/da- 
tina among the llloricate Ploima (Fig. 106, rc). In some species 
of Asplanchna , if not all, a recurrent branch occurs opening at 
either end into the main tube of its own side. 

The kidneys unite to discharge into the cloaca near its 
orifice, and on its distal (primitively ventral) side in many Meli- 
certidae. In Bdelloida the common duct formed by their fusion 
opens into the ventral side of a dilated bladder-like section of 
the cloaca (Fig. 109, A, bl ), which contracts rhythmically to dis- 
charge the liquid ; while in the majority of the class they open 
singly or by a common duct into a separate contractile vesicle or 
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bladder , which also discharges at regular intervals into the cloaca 
on its ventral or distal side (Figs. 106, bl and 112). This bladder 
may reach when expanded one-third the diameter of the whole 
animal, and contract as often as three times per minute ; so that in 



Fig. 112. — Apsilidae : A, April us lentiformu r, 9, dorsal view (after Metsohnikoff) ; the 
square brain is seen with nerves to the lateral antennae ; B, larva of A. lenti/annis (?)♦ 
showing the paired eyes and ciliated cupped foot ; C, adult of Atrochus append*- 
cnlatus , 6 (after Wierzejski). a/, Lateral antennae ; am, median antenna (just in 
front is seen the renal commissure) ; an, anus ; hr, brain, below which the paired 
eyes are seen ; c, cloaca ; em, embryo ; em\ em'\ em"\ three successive stages of 
embryos in the uterus of C ; k, kidney. The coarser muscles are striated. 


a period of nine minutes a bulk of water equal to that of the 
animal must have diffused through the body- wall, to be removed « 
by the kidneys. It is obvious that while the function of the 
kidneys is primitively excretory, the passage of the water through 
the body must bring in the oxygen dissolved in the external 
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medium, and carry off the carbonic acid formed in the tissues, and 
so fulfil the act of respiration. This mechanism is physiologically 
comparable with that of the contractile vacuole of fresh -water 
Protozoa. In a few genera ( Conochilus , lacinularia, Pterodina) 
the kidneys open separately after a slight dilatation into the cloaca. 

Nervous System. — The nervous centre of the Rotifera is the 
brain (Fig. 112, C, hr ), a ganglion lying dorsal to the pharynx ; 
and when this is short it may be immediately below the surface 
of the disc ( Microcodon ). In Bdelloida a second ganglion is present 
below the pharynx, and is connected with the former by lateral 
cords which contain ganglion cells. From the brain, nerves are 
given off to the disc, to the muscles, and to the integument of 
the body, as well as to the sense organs. The largest nerves are 
two given off from the sides of the brain, each of which divides 
into a lateral and a ventral trunk, which run nearly the whole 
length of the animal. 

The brain of several Notommatidae has a curious appendage, 
white by reflected light and very opaque; it is a sac full of 
chalky mineral matter, which dissolves readily in dilute acids. 

Sense Organs.- The most widely diffused sense organs are 
the antennae or feelers, which may serve for touch or smell, or 
possibly both. Each antenna is a conical or tubular outgrowth 
of the skin ; from its apex projects a fine pencil of sense hairs 
borne on a protoplasmic cushion, which receives a nerve. Often 
the antenna is elongated, and may then contain a muscle by 
which it is retractile (lateral antennae of Melicerta ) ; sometimes 
it is reduced to a slight prominence bearing the setae (dorsal 
antenna of this genus). There are usually three antennae — a 
median dorsal (Figs. 109, B, a , and 112, 0, am) and two lateral 
( Kigs. 106,112,0, and 1 1 5 , A, at ), often approximated towards the 
ventral surface, and sometimes all but fused on the middle line, 
or completely united ( Conochilus dossuarius , Copeus caudatus). 1 

Most Rotifers possess an organ of sight. This in its simplest 
form is a refractive globule seated in a red pigmented cup through 
which the nerve passes ; in other cases it lies directly on the 
brain. Very frequently the eye is paired (Figs. 112, B, and 
115, A); and these paired eyes may lie on the brain, and then 

1 Similarly Hudson and Zelinka both regard the dorsal antenna as formed by 
the coalescence of two antennae. These retain their distinctness in Asplanchna ; 
in some Bdelloida the single antenna is supplied by a pair of nerves. 
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are so close together that the pigment-cups have the shape of an 
x, or else they are seated in the dorsal region of the head behind 
the disc. In some cases they lie just under the ciliary wreath, 
or even within the region of the disc, and pass towards its ventral 
side in Pedal-ion (Fig. 117, A, c). In Rotifer they lie just under 
the dorsal side of the proboscis just below its apex. The median 
and two lateral eyes often exist together, as in JUosphora ; and 
sometimes additional paired eyes exist. In Furcularia longiseta , 
var. grandis a pair of pigment spots (eyes ?) occurs at the hinder 
end of the body just in front of the foot. 

The active Ploima show a spontaneity of movement and 
marked power of avoiding obstacles, etc. This is still more 
marked in the very active Pedal-ion , which, as Eousselet notes, 
clearly avoids capture by the dropping tube, aided by its sense 
of sight, as lie suggests, or by the tactile or olfactory powers of 
the antennae. They must rank as psychically high in the scale 
of creatures of simple organisation. 

Reproductive Organs and Reproduction. — The most con- 
spicuous organ in the female is the large yolk-gland or mtellarium 
(Figs. 10G and 109, A, vm), which was regarded as the ovary by 
all the older observers. It consists usually of eight cells, with 
conspicuous nuclei, lying on the ventral side of the stomach, and 
frequently displaced to one side ; but in most Asplanchnidae it 
forms a broad transverse band of numerous cells. In Pterodina 
it is horseslioe-shaped, while in Seisonaeeae and Bdelloida it is 
paired, either gland containing four or eight cells. The true 
ovary or germarinm (Fig. 106, gm) lies more or less hidden 
between the yolk -gland and the stomach; it is composed of 
numerous minute rounded cells, of which the hindmost for the 
time being enlarges by nutrition from the yolk-gland, and finally 
receives a membranous shell. This true ovary is somewhat 
lateral in most Rotifers, but is median in Asplanchnidae, and 
paired in Pterodina, Bdelloida, and Seisonaeeae. A membranous 
covering is common to the ovary and yolk-gland (paired when 
these are paired) ; it is continued into a thin-walled tube or 
oviduct, which opens into the cloaca on its ventral side beyond 
the bladder or common renal duct. In the viviparous species 
the mature ovum (Fig. 112, eni) usually lies in the oviduct, 
dilating it into a sort of “ uterus ” until the birth of the young. 
The ordinary eggs or “ summer eggs ” are formed without any 
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fertilisation, and develop immediately ; they are often hatched 
within the tube of the tubicolous species. 

Under certain conditions the unfertilised females produce 
exclusively smaller eggs, which develop into males. Maupas 1 
has demonstrated that a rise in temperature to a minimum of 
26° C. (79° F.) is the efficient factor. But as Hergendal points out," 
the critical temperature probably varies with the antecedent con- 
ditions of the race, since males occur in Greenland at a very 



Pig. 113. — Diglcna, cateUina . (After Weber.) A, Male ; B, the pair in copula ; 

C, female, p, Penis ; te, testis. 

much lower temperature ; and it would seem probable that a 
temperature approaching that at which the pools habitually dry 
up is what is necessary for the production of males, as a provision 
for those fertilised eggs, which, having a hard shell often adorned 
with prickly prominences, and usually remaining for some time 
before development, are capable of withstanding drought ; such 
eggs are termed “ winter eggs,” but a better term would be 
“ resting eggs ” (German, “ Pauereier ”). a 

The male organs consist of a testis (Fig. 113, A, te) with acces- 
sory glands, a large seminal vesicle, and a protrusible or project- 
ing penis (p). In Notommata and l)iglena true intromission 
at the cloaca (B) has been seen by many observers ; but it 

1 O. H. Ac . Sci. cxi. 1890, p. 310 ; cxiii. 1891, p. 388. 

2 Acta Univ. Lund, xxviii. 1891-92. 

[* See, however, Caiman, Natural Science , xiii. 1898, P- 43.] 
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appears equally certain that in many cases the male bores into 
the body-wall of the female at any point, and deposits the sper- 
matozoa in the body-cavity, so that they must pass through the 
wall of the oviduct to effect fertilisation. Maupas finds that 
the process of fertilisation is ineffective except upon such newly- 
hatched females as would otherwise be the parents of small male 
eggs; that fertilisation is inoperative even for these at a later 
age when their eggs have begun to mature ; and that it is 
wholly useless for those that lay ordinary summer eggs. The 
parent of male or winter eggs would thus be comparable to the 
queen bee, which if not fertilised produces drones. These sexual 
relations find a close parallel in the Ostracod and Phyllopod 
Crustacea, as well as in many plant-lice (Homoptera). 

Development. — This has only been fully studied in the 
summer egg ; in Brachionus by Salensky, 1 in Melicerta by 
Joliet 2 ; in Eosphora digitata and several other species by Tessin 3 ; 
in Callidina and Melicerta by Zelinka, 4 the last two observers 
having utilised modern methods of research. 6 We shall base our 
account on Zelinkas observations. As in the case of most 
“ parthenogenetic ” eggs, the ovarian egg begins by a very uneven 
division to form two cells : the minute “ first polar body ” which 
undergoes no further development ; and the definitive egg, which 
by its repeated divisions gives rise to the tissues and organs. 

Segmentation is very unequal, and recalls that of Molluscs 
in several respects.* The first division gives rise to a smaller 
and a larger cell. Both of these divide again, the latter un- 
equally, so that now there are three smaller cells and one large 
one ; and after repeated divisions of the small cells and unequal 
divisions of the larger one, a stage is reached where there are a 
number of small cells and one large one, which sinks in and is 
overgrown by the small ones. Just prior to this the large cell 
undergoes equal divisions ; its cells are the “ hypoblast ” cells 
(Fig. 114, hyp), and give rise to the gullet, stomach, and intes- 
tine, with their appendages, and the generative organs; while 
the smaller cells constitute the “ epiblast ” (ep) t which gives rise to 
the body-wall and muscles, to the cement glands, nervous system, 
pharynx and inastax, and probably to the kidneys. 

1 Zeitschr . wiss. Zool, xxii. 1872, p. 455. 2 Arch. ZooL Exp. ser. 2, i. 1883, p. 131. 

3 Zeitschr. wiss. Zool . xliv. 1886, p. 273. 4 Ibid . liii. 1892, p. 1. 

[ 8 See further Jennings, ’Bull. Mus . Harvard, xxx. 1896, p. 1 ; Erlanger and Lauter- 
born, Zool. Anz. xx. 1897, p. 452 ; and Lensson, Zool. Anz. xxi. 1898, p. 617.] 
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Owing to the elongation of the body within the narrow 
space of the egg the hinder part is bent up on the ventral 
surface (1), E) ; and this part, narrower than the rest, forms the 
foot, the centre of which is at first occupied by a column of 
hypoblast. The cloaca is now formed by a dorsal ingrowth 
of epiblast (the “ proctodaeum ”) at the junction of the foot 
and the body (an). The hypoblast in the body anterior to the 
cloacal ingrowth forms the digestive apparatus ; the part imme- 
diately behind forms the reproductive organs (o) ; and the hind- 
most part apparently disappears. An ingrowth of epiblast at 
the extreme tip of the foot gives rise to the cement glands (fg ). 

Kin. 114. -Development of 
(Jut lid ina . (After 
Zelinka.) A, Early 
stage showing involution 
of granular cells (*/), 
to form the mustax or 
gizzard. B, Involution 
complete. C, Second 
involution of epiblast 
cells to form pharynx. 

D, The embryo bent on 
itself at ventral P:>ld (vf). 

E, Showing ingrowth of 
epiblast to form brain 
(hr ) : an , involution of 
epiblast to form cloaca ; 
hr, brain ; ep, epiblast ; 
,/>/, involution to form 
cement glands of foot ; 
ff, granular cells ; ///, 
gizzard ; hyp, hypoblast ; 
Vi, mouth ; n, ovary ; 
ftp, salivary glands ; r/’, 
limiting body from foot. 

The muscles arise from the epiblast cells. The disc arises from 
the modification of epiblast cells lateral to and behind the 
mouth, enclosing a so-called “ polar area ” ; it is completed by 
the transformation of cells on the ventral side of the mouth. 
The brain (hr) is formed by the multiplication of epiblast cells ; 
and in Bdelloida a ventral ingrowth below the mouth forms the 
sub-oesophageal ganglion. The ciliated cup in Melicerta is 
formed as a ventral hollow, only later on united with the ciliated 
furrow of the wreath by the lateral grooves. 1 In Melicerta the 
two eyes are formed in the polar area. The young as hatched 

1 It does not appear to us that Zelinka is justified by his account of the 
development in regarding this cup as other than a part of the disc. 
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differs from the adult in the greater simplicity of its ciliary 
wreath ; and in the tubicolous forms the cupped end of the foot- 
gland is ciliated, and two eyes are present on the polar area, 
which later sink in, and often disappear more or less completely. 
It is stated that the young hatched from winter eggs do not 
pass through this larval state. 

Classification . 1 

Order I. Flosculariaceae. — Females mostly tubicolous, at- 
tached by a long contractile foot. Disc produced into a wide 
funnel-shaped contractile cup, produced into lobes with long 
setae (. Floscularia ) or coarse cilia ( Stejphanoceros ), or entire (Ap- 
silidae) ; an outer row of fine cilia rarely present ; trochus a 



Fig. 115. — Stephanoceros rich- 
horniL (After Cubitt. ) A, Dor- 
sal view of the upper part in its 
tube : al, lateral antenna ; 
eye ; em, developing embryo in 
uterus ; (/, gizzard ; *.</, median 
salivary gland. B, Extremity 
of foot. C, Lateral view of base 
of disc : am, median antenna ; 
of, oral funnel ; s.g, median 
salivary gland ; if, in the crop, 
indicates the ciliated tube pro- 
longing the funnel ; tr , horse- 
shoe-shaped trochus. 


horseshoe, open behind. Oral funnel a slender tube hanging 
freely into a large pharyngeal crop ; trophi uncinate projecting 
freely into the crop. Kidneys often united by an anterior cross- 
piece. Body-wall often containing a definite system of canals, 
filled with refractive granules, and serving by their contraction to 


1 The classification wc have adopted is a modification of that made by 
Hudson and Gosse ; we have divided up their first Order Rliizota into two, and 
split off from Flosculariidae the family Apsilidae ; removed the Asplanchnaceae 
from the admittedly heterogeneous Order Ploima, made distinct families in the 
l’loima for Alicrocodonidae and Rhinopidae, and created a third new Order for the 
Seisonaceae. Ehrenberg, Gosse, and Hudson, being the authors of most of the 
genera, are designated by their initials only. 
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dilate the disc*. Males (Fig. 107, 1) and larvae vermiform with a 
filiated pedal cup, and a simple wreath, with two eyes on the disc. 

Fam. 1. Flosculariidae : Flosculana Oken, Stephanoceros K (Fig. 115). 

Fam. 2. Apsilidae: Apsilus MeteclinikufF (Fig. 112, A), Acyclu* Leidv, 
Atrochus Wierzejski (Fig. 112, O). 

The family Flosculariidae contains some most exquisite forms ; 
Stephanoceros, the “ Crown Animalcule,” being probably the most 
lovely of the Class, and many of the Floscules coming not far 
behind. The Apsilidae are mostly mud-dwellers. 

Order II. Melicertaceae. — Females (except in Trocho- 
sphaera) attached or tubicolous ; tube variable. Disc with a 
dorsal gap (except Conochilus) often two-lobed or corolla-like ; a 
ventral lip often separating off a ventral 
ciliated cup continuous by a pair of gutters 
with the ciliated groove ; troelius of 
stronger cilia than the cingulum. Troplii 
mallcoramato in a distinct mas tax. Intes- 
tine much curved dorsally, cloaca long 
eversiblo (except Trochosphaera ). Males 
and larvae as in Order 1. 

Fam. 3. Melicertidau : Melicerta E. (Fig. 110), 

Limnias Sclirank, Cephahwiphon 
E., Oecistes E., Lacinularia >3., 

Mt'(ja lotrocha E., Conochilus E., 

Octotrocha Tliorpo. 

Fam. 4. Trochosphaeridae : 7 Y o r h o sj* hac r t 1 Fro. 116 . — AfeUcertu rutt/rns. 

Semper (Fig. 118, ])). (After Joliet). A, Si.l.. 

view ; B, dorsal view. 

mi i i i i Lateral nnteimae ; a\ 

I he Melicertidae embrace a large mini- cingulum seen by tran 

her of tubicolous forms, many of which are parency ; //, gizzard ; j, 

. , rri _ . _ _ . . *n . pellet in ciliated cu 

social This habit is especially notice- about to be deposited c 

able in Lacinularia socialis, which forms edge of tube ; tr, troebu: 

a gelatinous incrustation easily seen by the naked eye; and 
in Conochilus volvox, which forms free-swimming globular aggre- 
gates, the young attaching themselves when hatched to the 
centre of the ball, and the ball splitting up into two as soon 
as undue pressure is exerted at the periphery by overcrowding. 
In this genus the eyes are very conspicuous in the adult, as 
they are in the similar free-swimming aggregates of Lacinularia 
racernovata. 

Trochosphaera (Fig. 118, D) is remarkable for its peculiar 
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spherical shape, the absence of a foot, the limitation of the 
viscera to the lower hemisphere, and the dorsal position of the 
ovary. But a reference to the figure will show that the out- 
growth of a foot in the quadrant between the mouth and anus 
and the flattening of the upper hemisphere would bring its organs 
on the whole into close correspondence with those of the rest of 
the Order. It is recorded from South China, the Philippines, 
and North-East Australia, and has only been seen by Semper, 
the founder of the genus, and by Thorpe, who saw the male of 
the first species, and described a second . 1 

Order III. Bdelloida. — Females creeping like a leech, as 
well as swimming (males unknown), susceptible of desiccation and 
revival (“ anabiotic ”). Body telescopic at both ends. Disc 
(except in Adincta) chiefly composed of two dorsal lobes like 
kettle-drums, wholly retractile ; a dorsal proboscis or trunk-like 
prolongation of the body ends in a ciliated, sensory, and adhesive 
cup used in crawling, and overhung by a pair of membranous 
flaps. Trophi ramate ; brain with a ventral ganglion, forming a 
complete ring. Eyes, two on the proboscis or brain, or absent. 
Bladder a mere dilatation of the rectum. Foot often possessing 
blind spurs, as well as two or three retractile perforated toes, or 
forming a terminal disc perforated by numerous pores of the 
cement glands, rarely ciliated 2 

Fum. 5. Philodinidae : Philodina E. (Fig. 110), Rotifer Schrank, Adinnrus 
E., CnlUdina E. (Fig. 109), Adi n eta H. 

This group is remarkable for the great resisting powers of 
its members to drought and to heat and cold when dried, a fact 
which may explain the absence of males, though Janson records 
the occurrence of winter eggs in four species of Callidina and in 
Adineta vug a. The body is often strongly pigmented; red in 
Philodina roseola, Callidina scarlatina, and C. russeola, yellow in 
P. citrina. Rotifer citrinus, and Discopus synaptae. Most of the 
species are dust- or moss-dwellers ; some, such as Rotifer vulgaris, 
are equally common in organic debris in infusions, pools, and 
ditches. Discopus adheres to the skin of the Holothurian Synapta. 

Order IV. Asplanchnaceae. — Females ovoid, footless except 
in Asjdanchnopus. Disc often bearing a pair of antennae ; circular, 
often prolonged at the margin into two rounded lobes, interrupted 

1 This second species has also been found in the Northern United States. 

2 This Order has been 'monographed recently by Janson in Ahh. Vcr. Brem. 
Bd. xii. Beilage, 1893, p. 1. 
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dorsally, depressed at the ventral side into a deep ventral funnel. 
Trophi incudate (virgate in Ascomorpha), mastax enlarged dorsally 
into a wide crop ; stomach large, blind. Kidneys large, with a 
“ recurrent duct ” and numerous tags ; bladder large. Brain 
large, with a median eye, and frequently paired smaller eyes 
at the base of the marginal processes of the disc ; anterior 
antennae paired, relatively far back on dorsal surface. Males 
(Fig. 107, 5) relatively large, frequently found. 

Fam. G. Asplanchnidac : Asplancliua G., Asplanchuopns De Gueruc, 
(?) Ascomorpha , Perty, (?) JHnops Western. 

Order V. Scirtopoda. — Females of conical shape, with the 
body prolonged into hollow limb-like expansions (see p. 201) 
moved by strong muscles, and ending in branched setose fins like 
the limbs of Crustacea. Disc as in Bdelloids, but not retractile. 
Foot represented by two subventral toes, ciliated, inconstant or 
absent. Trophi malleoramate. Eyes two, latero- ventral, on the 
disc. Male (Fig. 107, 8) conical, with simple setae. 

Fam. 7. Pedalionidae : Pcdalion H. (Fig. 117), 1 2 Hcxarthra Schmarda.- 

Order VI. Ploima. — Free - swimming forms, more rarely 
parasites, often adherent by their trophi to a host. Disc variable, 
often bearing within the cingulum a number of lobes fringed with 
coarse compound cilia. Foot rarely absent, marked off by a 
sharp constriction. Mastax variable, rarely malleoramate, never 
incudate or uncinate. Intestine not blind. Males small. 3 * * * * 8 

Sub-Order A. Illoricata. — Ploima with a soft flexible integu- 
ment ; disc variable; ciliated auricles sometimes present (Syn- 
chaetidae, Notommatidae) ; foot rarely absent ; trophi usually 
malleate. 

1 Sec Hudson in Month . Micr. Jo urn. vol. vi. 1871, pp. 1*21, 215, and Quart . 
Journ . Micr . 8ci. (n.s.) xii. 1872, p. 338 ; Lank ester, ibid. p. 338 ; Levandcr in Act. 
fioc. Faun . Fcnn . xi. 1894. 

2 In Dcnk. Ak. Wien , vol. vii. 1854, 2 Abth., p. 15. As lias been suggested by 

Deby and by Daday, it is not impossible that Hcxarthra is identical with Pcdalion 

(and in this case the latter name, as newer, should be suppressed in favour of the 

former) ; but we must suppose that Schmarda’s figure of the front view is a com- 
bination, more or less from memory or notes, of two sketches or notes taken some 
time before publication ; the one a side view somewhat obliquely flattened, show- 

ing the two eyes as in Levandcr’s Fig. 3 ; the other a front view, showing the two 

pairs of lateral limbs in their correct positions under pressure. 

8 The male of Rhinops vitrea is exceptional in {assessing a complete, functional 
alimentary canal, with mastax, stomach, and intestine (Rousselet). That of Proalcs 
icemeckii has a mastax, but no intestine (Rothert). 
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Fain. 8. Microcodonidac : Microcodon K., Microcodide* Bergen dal. 

Fam. 9. Rliinopidae : Jthinops H. 

Fain. 10. Ilydatinidue : Jfydatina E. (Fig. 106), Notojts II., Hudftonella Zucli., 
Gyrtonia Rouss. 

Fam. 11. Syncliaetidae : Synchaeta E. 

Fam. i 2. Notommatidae : Notommata E., Plcurotrocha E., Copeus G., Proakx 
G., Furcularia G., Eosphora G., Triopkthahmis E., IHglena E. 
(Fig. 113), IKxtemma E., 2'riphylus K., Taphrocampa G., 
Albertia Duj., Paint ro Clap. 

Fam. 13. Drilophagidae : Drilophayus Vejdovsky. 

Fam. 14. Triarthridae : Triarthra E., Polyarthra E., PUnwsaa G., Pedeles G. 
To this group belongs the eyeless Hydatina , a classical object 



Flo. 117. — Pedalion 
mi mm, female. 
(After Hudson.) A, 
Ventral view ; B, 
side view, a, Median 
antenna ; al, antero- 
lateral limb ; an, 
anus ; ci, cingulum ; 
dl, dorso- median 
limb ; e, eye ; f, cili- 
ated pedal processes ; 
l, lip ; m, mouth ; pi, 
postero-lateral limb ; 
tr, trochus ; vl, ven- 
tro-median limb. 


of study, common in greenish pools, whose male was the first 
male Rotifer to be figured by Ehrenberg (1838), though he did 
not recogjiise its nature, and gave it the name of Enteroploea 
hydatina. Hhinops lias the back of the corona curiously pro- 
longed forwards into a sort of proboscis bearing two eyes. Some 
species of Notommata and Proales are distinctly annulated ; in 
Taphrocampa the segmentation is so marked as to give the appear- 
ance of mesenteric septa extending inwards from the body- wall to 
the intestine. Microcodon has a wreath which is very peculiar 
in its extreme simplicity, with the mouth nearly central, and the 
eye lying just dorsal to the mouth. The Triarthridae, which 
resemble the Scirtopoda in having strong leaping spines fringed 
by fine bristles, should perhaps be placed in the next sub-Order v 
Sub-Order B. Loricata. — Ploirna with a firm elastic cuticle 
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of definite form, persistent after death, continuous, or divided by 
thinner strips into plates or shields, which again may be areolated. 
The cuticle may also be sliagreened or embossed in various ways. 

Fam. lfi. Rattulidae : Rattulus E., Mastigocerca E., Coelopus G., Diurella (?) 
Eyfurth. 

Fam. 16. Dinocharididae : Vinocharis E., Scaridium E., Stephanops E. 

Fam. 17. Salpinidae : Salpina E., Diaschiza G., Ploesoma Herrick, Diplux 
G., Diploin G. 

Fam. 18. Euclilanididae : EuchlaniR E., Dapidia O., Apodoides Joseph. 

Fam. 1 9. Cathypnidae : Cathypna G., Distyla Eckstein, Mono&tyla E. 

Fam. 20. Coiuridae : Colurus E., Metopidia E., Minium E., Mytilia G., 
Cochleare G., DUpinthera G. 

Fam. 2 1 . Pterodinidac : Pterodina E., Pompholyx G. 

Fain. 22. Brachiouidae : Brachvmus E., Nolens E., Schizoremr I)aday. 

Fain. 23. Anuraeidae : Anuraea E., Notholca G., Eretmia G. 

The group includes a number of very minute forms, besides 
others conspicuous both for size and beauty. A soft dorsal flap 
above the head occurs in Stephanopjs ; also in Coiuridae, a large 
family of minute species, where the dap is movable, and looks 
iii profile like a hook overhanging the forehead. The genus 
Pterodina , like Pedalion and Triarthra , combines a Bdelloid disc 
with rnalleoramate trophi, while its exsertile wrinkled foot ends 
in a ciliated cup like that of a larval tubicolous species. 

JJrachionus, a large, often Hat, transparent form, with a long 
wrinkled foot, is a very common genus, known to the earlier 
observers, and repeatedly figured by them. Pompholyx has a sack- 
like lorica, no foot, and carries its immense egg suspended by an 
elastic thread from the cloaca. The Anuraeidae lack the foot, 
and often have great spines or bristles projecting from the lorica, 
which no doubt facilitate floating. They are abundant in the 
“plankton ” or floating fauna of large lakes far from the shore. 
Many marine species belong to this family. 

Order VII. Seisonaceae. — Marine liotifers parasitic 011 the 
Crustacean Nehalia ; males resembling the females. Body 
elongated, with a slender retractile neck, a much reduced disc, an 
elongated foot with a terminal perforated disc as in Callidina . 
Trophi virgate exsertile. Genito-urinary cloaca opening at the 
base of the neck in the male, at the hinder end of the body in 
the female. Intestine complete ( Seison ) or blind (Paraseison). 1 

1 For a full account of this group sec Claus in Fcstschr. Z.-B. Gcs . JVien, 1876, 
p. 75 ; and Plate in Ml. Slat. Ncapel , vol. vii. 1886-87, p. 234 ; Ann. Nat . Hint. 
scr. 6, vol. ii., 1888, p. 86. 

VOL. II Q 
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Fam. 24. Seisonidae : Seison Grube ; Paraseison Plate ; Saccobdella Van 
Beneden and Hesse. 

Habits. — 'The habitat of Rotifers is well known to the student 
of pond life. Every dip from a greenish pool will give us a 
supply, if there be not an excessive contamination by manure ; 
and such pools give us some of the largest and most beautiful 
forms, such as Hydatina and Brachionus, swimming about among 
the fibrous Algae and feeding on the organic debris among them. 
Almost any organic infusions freely exposed to the open air will 
yield Floirna shortly after the active putrefaction is completed. 
The finer water -weeds yield most of the beautiful tubicolous 
forms. A whole group of species and genera are quasi-pelagic 
in fresh and salt water, constituting a large proportion of the 
“ plankton ” or floating life near the surface ; and some of thetfe 
are found in deep water or in the depths of the lakes. Among 
them are the Asplanchnidae, Triarthridae, and Anuraeidae. A 
number of Loricates, such as Notholca and JSretmia , are armed 
with long spines, which doubtless render floating easier. 

Among tubicolous forms Conochilus volvox and Lacinularia 
racemovata have this pelagic habit, forming floating globular or 
ovoid colonies, and two species of Floscularia also float freely in 
their tubes. 

The following forms occur in salt or brackish water , 1 those 
marked with an asterisk ( # ) also occurring in fresh water : — 

Floscularia camparmlata.* Melicerta tubicolaria * Rotifer cUrinns .* 
Discopus synaptae. Synchaeta baltica, 8 . monopus , 8. apus , S. tremula* S. 
longipcs , 8. tavina . Asplanchna girodi* Asplanchnopus syringoides. 
Jfexarthra polyptera. Notommata naias, N. reinhardti. Proales dccipiens . 
Furcularia forjicula ,* F. gracilis , F. reinhardti, F. marina, F. neapolihma. 
IHglena catellina * 1). suil la, IX putrida . Pleurotrocha leptura. Distemma raptor , 
I), marinum, D. platyceps. * Jiothriocerca lonyicauda, Polyarthra platyptera* 
Triarthra longisda .* Rattulus calyptns . Dinrella marina, D. brevidactylus, 
JJ. brevis . Diaschiza fretalis . Enchlanis luna. Monostyla quadridmtata, M. 
lunaris. Colurus amblytelus, C. uncinatus ,* C. dactylotus , C. coelopinns , C.pedatus , 
(J. rotmulatus , 0. truncatus , C. caudatus .* Mytilia tavina . Pterodina clypeata. 
Brachionus bakeri * B. vnilleri . Anuraea valga ,* A. biremis * A. aculeata ,* A. 
tecta * A . cochlearis* Notholca striata* N. scapha* N. thalassia, N. spinifera, 
iV. inermis, N. juyosa , N. rhomboidea . Seison grubci , 8. annulatus. Paraseison 
asplamlmus , P. niulus , P. proboscideus, P. ciliatns. Discobdella nebaliae. 

Thus about seventy species are recorded as marine. Synchaeta 
baltica is truly pelagic, and contributes ‘ to the phosphorescence 
of the ocean. 

P Eighteen more have since been recorded.] 
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Other forms again are parasitic. Proalcs mrneckii is found 
in Vaucheria, a coarse, dark green, thread-like Alga found in fresh 
water; and the closely allied P.parasita is not uncommon in the 
beautiful floating green spheres of Volvox } Albertia , Drilo- 
phagus , and Balatro are parasitic on or in fresh-water Oligocliaetes ; 
the curious Seisonaceae are parasitic on Ncbalia, a small Crusta- 
cean easily obtained in masses of whelk’s eggs; the aberrant 
Bdelloid Disc opus attaches itself to the surface of the Holo- 
thurian Synapta. Similarly among this last Order Callklina 
parasitica attaches itself to the limbs of the fresh-water Crustacea 
Gammarus and Asellus . These are rather commensals than true 
parasites. The species of Brachionus often attach themselves 
temporarily to the common water-flea Daphnia . 

Besides a few Ploima, the vast majority of the Bdelloids live 
in or among mosses and their roots. Many CaUidvna inhabit 
cup-like hollows in the leaves of the scale mosses (Jungerman- 
niaceae), especially of the genus Vrullania . Almost all the 
members of this Order are susceptible of desiccation and revival ; 
certain species, such as Rotifer vulgaris, Philodina roseola , 
Adincta vaga , etc., can be readily obtained by moistening gutter 
dust. The mechanism of the process is as follows : when desicca- 
tion is gradual the animals close up their telescopic bodies and 
excrete gelatinous plugs at either end, which effectually seal 
them against further drying; if, however, they be dried on a 
slide without any debris, the process is too rapid for them to 
protect themselves, and they therefore die. This was dimly seen 
by others, and clearly demonstrated by H. Davis , 1 2 who records 
the following experiment : — The Rev. E. J. Holloway, having found 
Philodina roseola in gutters, placed strips of paper there in the 
rainy season, and succeeded in obtaining clean gatherings, taking 
dry groups of a hundred together, having a varnish-like covering 
all over; and being glued to one another, mostly in one plane, 
and to the paper, forming a pavement. In the dry condi- 
tion they resist extremes of temperature; thus Zclinka found 

1 I have recently found a large species of this genus dwelling in the shell of the 
large Cladoceran Crustacean, Eurycercus lamcllatus . It is remarkable for its power 
of completely telescoping its extremities within the middle segments, and for its 
immense foot-glands, both characters being doubtless correlated with its habitat. 
Rousselet identiiies it with P. petromyzon. 

2 Month . Micr. Journ. vol. ix. 1873, p. 287 ; Journ . Quekctt Club , ser. 2, vol. 
ii. 1884-86, p. 231. 
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Callidina revive after an exposure of — 20° O. ( — 4° F. or oG° of 
frost), and immersion in hot water at 70° C. (158° F.). They will 
also resist deprivation of air in a vacuum of an ordinary air-pump, 
but not the all but perfect exhaustion of the Sprengel pump. 

A very curious fact in relation to this Class is that often 
when a new form is once described from a single locality, fresh 
and widely distant stations for it rapidly become known. 1 Thus 
Pedal-ion minim, first found at Clifton in 1872 by Hudson, was 
a few years after captured in a small pool above tide-marks on a 
rocky islet in Torres Straits. Since then it has been recorded 
from many different European stations, and a second closely allied 
species has been found in Finland. So a species of Ehrenberg’s 2 
was not seen again till within the last decade or so ; but since 
then it lias been independently found and described by six 
observers, who have given it as many distinct generic names. 
In the case of Pedal-ion it may well be that, as Hudson suggests, 
the species is of southern origin and has followed the flag, the 
winter egg being conveyed in dust by ships or travellers. 

The above account of the habits gives the key to the collec- 
tion of the various forms. The weed-loving species are collected 
with the weeds, and will keep with these in vessels if screened 
from direct sunlight and protected against dust. The free- 
swimming forms may be collected by sweeping with a net ot 
fine gauze, with a bottle fixed in the bottom. 

Except for tliejr power of resisting desiccation, Rotifera are 
not very long-lived, and the males are especially short-lived ; the 
most exact observations are those of Maupas on Hydatina . He 
found that the greatest age of the unfertilised female was 
thirteen days, during which it could produce some fifty eggs ; the 
fertilised female lives for seven or eight days, producing about 
sixteen eggs; while the male dies in two or three days. 

The preservation of Rotifers has been recently reduced to a 
fine art by Rousselet, who uses a solution consisting of cocaine 
liydrochlorate, 1 gramme; water, 50 cc. ; and methylated spirit, 
12 cc. This will keep without deterioration. When in use it 

1 See Dr. Hudson’s very suggestive presidential addresses to tlie Royal Micro- 
scopical Society, published in their .Journal, vols. ix.-xi. 1889-91. 

2 Euchlanis lynceus . — This is clearly not an Enehlanis , and of the six names 
referred to — Plocsoma , Gomphogaster , Gastropus , Gastroschiza , Bipalpus , and 
Dictyoderma — the first has priority, and the other five drop by the laws of zoolo- 
gical nomenclature. 
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must lie diluted in the proportion of two volumes to three of 
water. This solution is added cautiously to the capsule in which 
the Eotifers lie, and they are watched till their ciliary motions 
slacken ; when this happens a drop or two of osmic acid solution 
(£- to 1 per cent) is added ; the Ilotifers are then sucked up by a 
capillary pipette, and transferred to fresh water ; and then into a 
solution of “ Formaline ” diluted to contain percent of formic 
aldehyde. I 11 this solution they are transferred to shallow cells, 
ground out of the centre of an ordinary glass slide, covered with thin 
glass, and sealed. 1 Other methods of preparing Eotifers for minute 
study will be found in the papers of Elate, Tessin, and Zelinka. 

The zoological affinities of the Eotifers have long been a 
subject of keen interest. As early as 1851 Huxley 2 suggested 
that they represent a primitive form, preserved, with modifica- 
tions, in the larva of Molluscs, Annelids and other worms, and 
Echinoderms. Similar views were later maintained by Lan- 
kester, 3 who termed the larva of Eolycliaets, etc., a “ troeho- 
spliere,” for which “ trochophore ” has been substituted in order 
to avoid confusion with the Rotifer Trwhospkaera ; Eulfour, 4 
Hatschek, 5 Kleinenberg,** and others have developed these views. 
Serious difficulties, however, arise in the detailed comparison 
of Eotifers with this type ; and the special students of this Class 
have found it practically impossible to agree in the identification 
of the various parts, a difficulty especially felt in the case of the 
Eofiferan genus Trochosphaera , though this is just the one which 
presents the closest superficial resemblance to the Trochophore 
larva. I have been induced to take a view of the structure of 
Rotifers that brings it into close relationship with the lower 
Elatyhelminthes, and witli the more primitive larva of the 
Nemertines termed Pilidium (Fig. 60, p. 113). This is hemi- 
spherical, ciliated all over, with the mouth in a ventral funnel 
lined by fine cilia ; while the edge is fringed with two rows of 

1 Journ. QucJcctt Club , ser. 2, vol. v. 1892-94, p. 205. 

2 Truns . Micr. Soc. (n.s.) i. 1853, p. 18 (read Dec. 31, 1851) : “We may say, 
therefore, that the Rotifera are organized upon the plan of an Annelid larva. ... I do 
not hesitate to draw the conclusion . . . that the Uotifcra arc the permanent forms 
of Echinoderm larvae , and hold the same relation to the Echinoderms that the Hydri- 
form Polypi hold to the Medusae, or that Appcndicularia holds to the Ascidians." 

3 Quart . Journ . Micr. Sci . (n.s.) vol. xvii. 1877, p. 399. 

4 Ibid, (n.s.) vol. xx. 1880, p. 381. 

5 Arb. Z. Inst. Wien , vols. i. iii. v. 1878-84 ; Lehrbuch dcr Zoologic , part iii. 1891. 

6 Zcitschr. wiss. Zool. vol. xliv. 1886, p. 1. 
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strong cilia, separated by a finely ciliated groove, like those of 
the ciliary wreath of a Rotifer. The sides are produced on 
either side into lappets, which we do not take into account. A 
cup-shaped depression at the apical pole is lined by sense-cells, 
bearing long cilia which are probably sensory. A ring of nerve- 
cells passes within the ciliated rim of the hemisphere, and the 
stomach is a blind sac. If we compare this organism with a 
Rotifer, we find that the wreath corresponds in both, the funnel 



Fi<;. 118 . — Diagram explaining the 
possible relations of Rotifers. A, 
Pilidium; B, hypothetical Rotifer 
modified from A splnucknopns ; C, 
a Ploimal Rotifer ; D, TrnrJioaphnem 
aequatorialis (modified from Semper, 
the extension of the ovary into 
the posterior ventral quadrant 
being omitted) ; E, Mollusc larva 
(Veliger) ; F, Trotdiopliore larva of 
Annelid. a, Anus ; op, apical 
organ ; at, median antenna (near 
which, in B, is a black spot, the 
brain) ; W, bladder (receiving the 
ramified kidney in B, C, and D) ; hr, 
brain ; /, foot ; /;/, cement-glands, 
replacing apical organ ; ;/, ovary ; 
/■, kidney ; m, mouth ; //, supra - 
oesophageal ganglion ; nap, nerve 
of apical organ ; nr, nerve-ring in 
section ; pot, praeoral portion of 
trochus ; s.tj, shell-gland ; .v.w, sub- 
oesoplmgeal ganglion ; t , trochus or 
ciliary wreath ; ft, posterior ciliated 
ring ; r, velum, or expanded prae- 
oral part of troclius. 


of the disc in such forms as Flosculariidae and Microcodon lead- 
ing to the mouth of Pilidium , while the gut is blind in Asplanch- 
nidae and in some of the highly developed Seisonidae. The 
circular nerve-ring of Pilidium is in many Rotifers only repre- 
sented by its anterior part, the brain ; though in Bdelloids a sub- 
oesophageal ganglion completes the ring. This leaves a difficulty 
with regard to the apical sense organ ; but it is easy to understand 
that an organ of sensation should become an organ of fixation. In 
this case the foot with its glands would correspond to the sense * 
organ of the Trochophore larva; and it retains its primitive ciliated 
character in the larvae and males of many Rotifera, and the adult 
female of Pterodina and Callidina tctraodon . Embryology tells 
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us that the anus of Rotifers cannot be homologous with that of 
Annelids, etc., for it is formed outside the area of the blastopore : 
it is an independent formation, probably due to the coalescence of 
the originally blind intestine at its extremity with the earlier 
genito-urinary cloaca. On this view we must change the orienta- 
tion of the Rotifer, and place it, like a Cuttlefish, mouth down- 
wards : for “ anterior and posterior ” we must substitute oral (or 
basal) and apical ; for “ dorsal ” and “ ventral ” we must use 
anterior and posterior ; while “ right ” and “ left ” are unchanged. 
And this correctly expresses the actual space-relations in those 
Ploima like Rattulus that swim with their disc in contact with 
the organic debris on which they feed, with the foot turned out- 
wards and backwards. As these views are now published for the 
first time, I have thought it wiser to keep to the accepted rela- 
tions in the general description, a course which lias the advantage 
of avoiding difficulties in the study of the literature of the Class. 

The supposed resemblance of Pedalion to the Crustacea is 
probably the result of convergence, not of consanguinity. The 
Polyzoa are a group of freely-budding organisms whose structure 
otherwise recalls in many respects that of the attached Rotifers ; 
but a close investigation reveals so many differences in structure*, 
orientation, and development, that we cannot regard the two 
groups as at all closely allied. 

Thus the Rotifers may be regarded as a group apart, but prob- 
ably representing an early offshoot from a free-swimming Platy- 
helminth, probably a Rhabdocoele ; the modifications being the 
loss of the general ciliation of the surface, the arching of the 
back into an elongated vault, the conversion of the inner half of 
the pharynx into a gizzard, the change of position of the genital 
and urinary apertures to the antero- dorsal surface, and the 
opening of the intestine into the genito-urinary cloaca. 


Gastrotricha. 

This small and very homogeneous group consists of minute 
fresh-water organisms, closely resembling many Ciliate Infusoria 
in their movements, habit and habitat. They were first described 
in detail by Ehrenberg, and placed by him and Dujardin in 
the neighbourhood of Rotifers. In recent years A. C. Stokes 1 
1 The Microscope (Detroit), 1887-88. 
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in America and C. Zelinka 1 in Germany have contributed, the 
former a careful description of a number of new species and their 
habits, the latter a complete monograph of everything that is 
known of the Order. 

The Gastrotricha dwell among filamentous Algae and organic 
debris, and are of frequent occurrence with Protozoa and Eotifera 
of similar habit. The largest known measures only 400 fi ( G ] 0 
in.) in length, and the smallest run as low as 74 fi ( 3 ^ in.). 



Fid. 119. — Gastrotricha. (From Zelinka.) A, Chaetonotus bogdanovii, side view (after 
Scliimkewitcli) ; B, Gossea antenniger (alter Gosse) ; C, J)asy dries gun iathrix (after 
Gosse) ; D, Jkisydetes sal titans (after Stokes) ; E, 1). longisetosnm (after Metsclmi- 
koff) ; F, Chaetonotus spinutosus (after Stokes) ; G, Chaetonotus sehultzei (after Gosse 
and Biitschli). (Magnified.) B-F, x about 390 ; G, x about 125. 

We shall follow Zelinka in his description of the common 
species Chaetonotus lams as a type. The body is nearly circular 
in section, flattened a little on the ventral side. The apertures 
are the terminal mouth ; the anus, nearly terminal and slightly 
dorsal ; the two kidney openings, ventral, nearly half-way down 
the trunk ; besides the pore of a cement-gland on either terminal 
process. The short ventral and post-anal portion of the trunk 
with its processes therefore corresponds to the foot of a Rotifer. 
The integument of the body is a thin nucleated hypoderm, not 
1 ZeHsehr. wiss . Zool. xlix. 1890, p. 209. 
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distinctly divided into cells, covered by a chitinised cuticle ; it 
bears cilia, sensory hairs, and peculiar scale-like processes, some- 
times produced into long bristles. 

The cilia are chiefly arranged in two ventral bands, each 
extending nearly the whole length of the body, and composed of 
a series of transverse rows of single cilia ; along these bands the 
hypoderm is thickened and more richly nucleated. The sides of 
the head also bear numerous long cilia. 

The scales are hollow processes of the cuticle overlapping 
from before backwards. A ventral row lies between the ciliary 
bands ; two series of alternating dorsal rows lie on the back and 
sides of the animal, and in the hirsute species it is these that 
are produced backward into bristles. A single large scale, the 
“ frontal shield,” protects the head above and behind, but does not 
extend down to the ventral surface. O11 either side of the head 
is a pair of flattened oval areas, the “ lateral fields.” From between 
these on either side springs a tuft of motile sensory hairs. Two 
pairs of similar tufts arise dorsally on the front margin of the frontal 
shield, and a fourth pair spring from the ventral surface a little 
behind the mouth. These hairs are distinguished from ordinary 
cilia by their length, and their insertion 011 large nucleated cells 
receiving nerves ; two pairs of similar hairs lie farther back on 
the dorsal surface, one in the front of the neck, one near the 
base of the pedal processes. 

The muscles lie some in the body-wall, and some traverse 
the body-cavity ; only six pairs occur, simple, unstriated, and 
longitudinal. There are neither transverse nor circular muscles. 

The alimentary canal is very simple and nearly straight 
from mouth to anus ; it may be divided into pharynx, gullet, 
stomach, and rectum. The mouth is circular, and looks forwards 
and a little downwards. From the mouth opens the pharynx, 
a short chitinous tube, capable of eversion by being pushed 
forwards by the gullet ; it bears half-way down a circlet of 
curved hooks, which open out when it is everted ; within these 
are tooth-like thickenings. 

The oesophagus or gullet is thick and muscular, extending 
through the whole of the neck of the animal ; its cavity, as well 
as the opening from the pharynx, is triradiate like a leech-bite, 
but can be dilated by the action of the muscular walls, inserted 
into a firm external cuticle ; the internal wall is also cuticulised, 
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not ciliated as in Rotifers. The hinder end of the gullet is 
produced into a short, wide, membranous funnel projecting freely 
into the midgut or stomach. The latter is elongated and oval, 
composed of four rows of hexagonal cells, with large nuclei. 
This is separated by a distinct constriction or sphincter from the 
short pear-shaped rectum, which opens by a minute anus on the 
back just in front of the pedal processes. 

The food is chiefly organic debris ; but Gastrotricha have been 
seen to attack large Infusoria by nibbling, and to swallow the 
protoplasm as it exudes from the wound in their prey. 

The nervous system is chiefly composed of the large brain, 
a ganglion lying like a saddle above and on the sides of the 
gullet, and in direct continuity with the nerve -cells of the 
cephalic sense-hairs. A pair of dorsal nerve-trunks extend along 
the whole length of the gullet. The sense-hairs described with 
the general integument may be organs of external taste (“ smell ”) 
or of touch. Eyes have been described in several species ; and 
though Zelinka has failed to verify this, I have myself seen a 
pair of minute red eyes in the back of the head of an animal 
(probably a Chaetonotus), whose hasty escape into a mass of 
debris prevented my determining its species. 

The kidneys are paired tubes lying at the sides of the front 
of the stomach, and sending a simple loop into the neck. Each 
tube is much convoluted, and ends at the one extremity in a long 
“ flame-cell,” like that of a Rotifer much drawn out, and at the 
other by a minute pore on the outer side of the ventral row of scales. 

Reproductive Organs. — Only the female is with certainty 
known to occur; and the eggs, though recalling in their thick 
ornamented shell the fertilised winter eggs of Rotifers, are 
probably unfertilised and part henogerie tic like the summer eggs. 
The ovaries are two minute patches of cells lying at the junction 
of the stomach and rectum. The eggs, as they mature and 
enlarge, press against the side and back of the stomach, where 
they attain a length of one-third to one-lialf that of the mother. 
The extrusion of the egg lias not been observed; but it is 
laid in the angles of weeds, the moulted shells of Entomostraca, 
etc., where its development may be studied. The sculpture of 
the shell serves to anchor it if laid among weeds. When hatched 
the head, trunk, and pedal processes are of the full adult size, 
all subsequent growth being limited to the neck. 
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The function of testis has been ascribed by Ludwig to a 
minute granular organ between the ovaries above the rectum ; if 
this view be correct the Gastrotricha are hermaphrodite. 

The movements of the Gastrotricha are very elegant, recalling 
those of the long- necked Ciliate Infusoria, like Amphileptv.s, 
Lacrymaria , etc., with the characteristic exception that they 
always swim forwards ; the grace of their movements being due 
to the bending of the head and neck on the body. Those which 
are provided with long motile bristles like Dasydctes , alternate 
their gliding with leaps, like the springing Kotifers. 

The Gastrotricha are divided into two sub-Orders — Euichtiiy- 
dina, with two pedal appendages, containing the genera Ichtky- 
dium Ehr., Lepidoderma Zel., Chaetonotus Ehr. f and Vhaetvra 
Metsch. ; and the Apodina, with no pedal appendages, com- 
prising Dasydetes G. and Gossea Zel. 

Their geographical distribution, like that of most microscopic 
fresh-water organisms, is cosmopolitan. Few observers have 
enumerated the members of this group ; of their extra-temperate 
occurrence we have only the single observations of Ehrenborg, 
Schmarda, and Voeltzkow for Nubia, Ceylon, and Madagascar 
respectively. 

Of the thirty-two species described, twelve are recorded by 
A. 0. Stokes from Maine and New Jersey only, besides live 
others that occur also in Europe. In Europe nineteen species 
are recorded, one of which, Ichthydium podura , has also been 
found in Nubia and Ceylon. One species, Chaetonotus tahulatus 
Schmarda, has been recorded by its author from Colombia (in 
South America). As of the nineteen European species only 
seven have been recorded as British, we may expect to find that 
careful study will well repay the student in these islands. 

The affinities of this group are probably with the Turbel- 
larians and the Nematodes; they differ from the former in 
the highly developed alimentary canal, and from the latter in 
the possession of the ciliated ventral bands and wreath. The 
general chitinisation of the skin, the primitive body-cavity, 
the character of the alimentary canal, the ventral opening of 
the renal canals far in front of the anus are characters shared 
by the Nematodes, many of which possess bristles like this 
group. But their affinity must be rather to some hypothetical 
ancestral group than to any living Nematodes, which are destitute 
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of cilia. To the Rotifers the affinity, dwelt on by Zelinka, is 
less close. 

Kinorhyncha. 

This Class and Order comprises but one genus, Echinodercs 
(Fig. 120), founded in 18f>l by Dujardin. 1 Reinliard’s mono- 
graph 2 3 is the generally accepted authority on this subject, and 
contains a full bibliography, with diagnoses of the individual 
species, eighteen in number. 

The animals of this group are found in shallow seas with 
muddy bottom, below low -water mark, and feed on organic 

debris. They have been 
taken in the Black Sea, 
Mediterranean , Bri t i sh 
Channel, and North Sea, 
and off the Canary 
I s 1 a 11 d s ( L a n z a r o t e , 
Porto Pi, Palma di 
Mallorca). Their size 
varies from 0*8 G mm. 
X 0*22 mm. in Echino- 
rfc ms sjrino&us, to 0*14 
mm. X 0*03 111111 . in E. 
Icowalevskii , 8 

The body is pro- 
tected by a strong cliit- 

Fiu. 120. — Echinodercs dvjcirdinii ( ?), drawn from a . , 

preserved specimen taken at Worthing, x about m0US CUtlCle distinctly 
210. ft, Bristle ; c.s, caudal spine ; pit , pharynx ; aillllllated, forming 
s and s', the spiues on the two segments of the . . . . , 0 

proboscis ; s.g % salivary glands ; at, stomach. eleven 1‘lIlgS, besides a 

retractile proboscis 
obscurely divided into two segments at the apex of which the 
mouth opens. The anus opens on the extreme end of the last 
segment, which is frequently retracted ; the genital pores open 
right and left of the anus ; and the renal pores lie on either side 
of the back of the ninth segment. The first ring may be un- 
divided, or else distinctly divided into four plates, one dorsal, 

1 Ann. Set. Xat. ser. 3, vol. xv. 1851, p. 158. 

8 Ecitschr. triss. Zool. vol. xlv. 1887, pp. 401-467, t. xx-xxii. 

3 The breadth of the latter is estimated from Reinliard's figure. 
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two la tero- ventral, and one ventral. I11 the remaining segments 
each ring has only three plates, one dorsal and two ventral, the 
two latter being sometimes more or less fused in the last or ventral 
segment. These plates all overlap from before backwards. 

As the name Echinodcres implies (Thorn-skin), the cuticle 
is produced into points, bristles, or spines. The last segment 
frequently bears a large pair of these, which have been compared, 
011 the flimsiest grounds, with the furcal processes of Crustacea 
and the perforated toes of Rotifers and Gastrotricha. 

The proboscis when extruded lias the form of a truncated 
cone, obscurely divided into two segments, a ring of strong spines 
marking the boundary between them, and a second double ring 
of spines surrounding the apex. The eversion is of the type 
termed by Lankester pleurembolic or aerecbolic, the sides being 
first withdrawn, the apex first extruded. 

As in so many Invertcbrata, the epidermis is not separated 
by boundaries into distinct cells. This layer sends out processes 
each of which lies in a hollow in the thick cuticle, and perforates 
it to end in a fine bristle. Minute orange pigment -granules 
occur at irregular intervals in this hypoderm. 

The muscles of Echinodrres are simple striated bunds. 
Numerous bands lie within and attached to the body- wall, extend- 
ing its whole length; paired dorsi- ventral muscles separate the 
intestine from the reproductive organ on either side, and a 
complex system effect the movements of the proboscis. 

Alimentary Canal. — The pore at the tip of the proboscis 
leads into a short thin- walled tube, which is rarely evaginated : 
into the base of this tube projects the short bluntly conical apex 
of the large ovoid muscular pharynx (or gullet?); this is lined 
by an epithelial layer of nucleated protoplasm, which secretes a. 
strong cuticle. The stomach is a wide tube, somewhat dilated 
in each segment between the paired dors i -ventral muscles, and 
tapering behind to end in the terminal anus. Four minute 
glands open at the junction of the pharynx and stomach. 

Kidneys. — These are a pair of blind pear-shaped sacs, 
ciliated within (the only case of ciliation in Echinnderes), lying 
in the eighth segment, and opening by the taper ends right and 
left on the back of the ninth segment. 

Nervous System. — All that has been clearly defined of this 
is a small brain or ganglion lying dorsally at the junction of the 
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pharynx and stomach. From two to eight eye-spots have been 
described by earlier writers, but Eeinhard was unable to find 
them in the (distinct) species which he principally worked at, 
though he noted their existence in the solitary specimen of the 
original species, & dujardini, which he obtained. 

Reproductive Organs. — The sexes are distinct. The repro- 
ductive glands form a pair of tubular sacs, opening ventrally on 
either side of the anus, and extending forwards beside the gut as 
far forwards as the fifth to the second segment in the male, but 
only to the fourth at furthest in the female. The ova are large 
nucleated cells embedded in the protoplasmic lining of the 
ovarian sac, and acquiring a distinct shell as they approach its 
opening. Three-quarters of the testis sac is occupied with 
granular protoplasm containing a quantity of small nuclei ; the 
lower part alone contains mature spermatozoa. Adjoining each 
external opening in the male are a pair of short hollowed spines, 
which may perhaps serve as organs of copulation ; but nothing 
is really known of this process or of the development of the egg. 
It is almost certain, from the absence of developing eggs within 
Echinoderes, .that the genus is not viviparous. 

From the foregoing description it is obvious that Echinoderes 
approaches the Nematoda very closely : the two main points of 
difference are its ciliated kidneys and its bilaterally paired sexual 
organs. Possibly the study of such forms as JDesmoscolex (Fig. 
81, p. 159) may reveal closer affinities. 


[Zelinka ( Verh . JJ. ZooL Ges., 1894 and 1898), has given a preliminary 
account of a new research on this group. The principal addition is the dis- 
covery of a ventral nerve-cord, with a ganglionic dilatation in each segment, 
lying in the ectoderm of the body-wall, as indeed do the brain and nerve- 
collar. He divides the genus into two Ciders according as the orifice of the 
retracted fore-part of the body is slit-like or circular. The former (Homalor- 
hagae) retract the first two segments with the proboscis ; they are mud- 
dwellers, sluggish, eyeless : the latter group (Cyclorhagae) only retract the 
first segment with the proboscis ; they crawl among algae, and mostly have 
paired pigmented eye-spots, each with a lens, imbedded in the brain. — M. H., 
Jan. 1901.] 
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CHAPTER IX 


THK CIIAKTOPODOUS WORMS THE A R C 1 1 1 AN N KLID A ANATOMY OF 

XKRKIS, AS TYPICAL OF THK POLYCHAKTA 

Those animals which possess lateral bundles of bristles (techni- 
cally termed “ chaetae ”) for use in locomotion constitute the 
group of “ Bristle-worms/’ or Chaetopoda. The body of these 
animals is made up of a preoral lobe or prostomium, and a number 
of more or less distinct segments following one another in a line, 
and repeating one another in their internal and external structure. 
The Chaetopoda embrace the following smaller groups or Orders : 
- I. Arehiannelida, IT. Polychaeta, Til. Myzostomaria, TV. 
Oligochaeta. The Arehiannelida, although without the charac- 
teristic chaetae, are yet anatomically so similar to the true. 
Chaetopoda that they must be included in the group, just as 
certain tislies are classed as “ Vertebrata,” although they do not 
possess vertebrae. The old term Annelida is sometimes used to 
include the above-mentioned groups, together with the Gephyrea 1 
and the Hirudinea or leeches. 

Order I. Arehiannelida. 

The Arehiannelida are very simple worms, but simplicity may 
be, and very frequently is, the result of degeneration; and it is 
not always possible to determine whether a simple animal is 
primitively, i.e. ancestrally simple, or whether it is secondarily 
simplified. Hence the term Haplodrili has been employed by 
Professor Lankester as the name of the group ; a term which does 
not prejudge the question as to whether or not the worms are 

1 The Ecliiuroid Gephyrea (see p. 434) are by some authorities considered to be 
a division of the Chaetopoda. 
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“ primitive.” It is quite possible, and even probable, that Dino- 
philus is ancestrally simple ; whilst many features in Polygordivs 
appear to be the result of simplification. For this reason it 
would be well to separate Dinophilus from the other two genera, 
on account of its much less elaborate and more generalised struc- 
ture, — so generalised, in fact, that the worm is by some authorities 
placed amongst the Planarians ; for the present, however, the 




Fig. 121 . — Dinophilus taeni- 
ntus . (From Harmer.) The 
left figure represents the 
dorsal surface of a young 
individual, x 76 ; the 
mouth and alimentary tract 
are seen by transparency : 
p, prostomium, with two 
bajids of cilia and, a pair 
of eyes ; a, anus ; t , tail ; 
1 to 5, the segments with 
ciliated bands. The right 
figure shows the anatomy 
of the male, x 38 : ft, 
rectum ; c, body -cavity ; 
d , vas deferens ; ta, 
muscular organ (pharynx) ; 
n\ the first nephridium ; 
oe t entrance to oesophagus ; 
p, penis ; st, intestine 
(stomaeli) ; seminal 

vesicle (5tli nephridium). 


group Archiannelida may be regarded as containing three genera: 
Dinophilus, Protodr Hus, and Poly gord vus? 

Dinophilus is represented on our coasts by at least two 
species : D. gigas "VVeldon 2 and J). tacn iatus Harmer . 3 The 
latter is about one- twelfth of an inch in length, bright orange in 
colour, and more or less abundant, at springtime, in the rock 
pools around Plymouth, where it may be found amongst green 
algae, or 011 the mud at the bottom of the pools. 


. 1 Another worm, Histriobdella ( Histriodrilus ) lvomari , which is parasitic on the 
eggs of the lobster, and which occurs on our coast, has been placed amongst the 
Arcliiannelida. It is a pi in u to form, with peculiarities in its anatomy which render 
its affinities uncertain. 

2 Quart. J ; Micr. Sck xxvii. 1887, p. 109. 

3 J. Mar . Biol. Assoc . vol. i. (n.s.) 1889-90, p. 119. 
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The animal consists of a broad, prostomium, with a pair of 
eyes : and of a body, distinctly constricted in immature speci- 
mens into five or six segments, followed by a short conical tail. 
There are neither chaetae nor tentacles ; locomotion is chiefly 
effected by means of the bands of cilia which encircle the body 
in a regular fashion, two bands round the head, and two round 
each segment in 1). tacniatus ; in some species there is only a 
single band on each segment. The whole of the ventral surface 
is covered with cilia, by the aid of which the animal probably 
“ creeps ” along the weeds. 

The alimentary canal is straight, and divisible into the regions 
showni in Fig. 121; a muscular protrusible organ, which is a 
ventral outgrowth of the foregut, is employed as a “ sucker.” 
The coelom is more or less obliterated (or ill developed). The 
excretory system in the genus is varied : in some specie's, as in 
D. t yif/as , it is stated to be constructed on the Planarian plan ; in 
others, as in D. tacniatus , the organs are definite nephridia. Of 
these tulles there are five pairs, the last pair in the male serving 
as a seminal vesicle. Each nephridium is a ciliated tube, the in- 
ternal end of which lies in the body-cavity and appears to be 
blocked by a ciliated tongue-shaped appendage. The first pair 
corresponds to the “ larval nephridia ” of Trochosphere larvae. 

The nervous system, which is in contact with the epidermis, 
consists of a brain in the prostomium, and, on each side of the 
body, a ventral cord with five ganglia, connected by transverse 
commissures in as many segments. 

The sexes are separate, and are usually similar ; the male of 
D. gyrociliatus is, however, much smaller than the female. The 
generative organs occupy the greater part of the body-cavity : in 
the male the testes communicate, by means of the pair of seminal 
vesicles, with a median eversible apparatus. In the female the 
paired ovaries communicate with a median sac which serves as a 
spermatheca. 

The development is simple : 1 the worm itself is more like a 
larval Polycliaete than a full-grown worm. Dinophilm is an 
extremely interesting form, and it has been suggested that, while 
still possessing certain Planarian characteristics, it may be looked 
upon as closely resembling the ancestor from which the Chaeto- 
poda have arisen. 

1 Schimkewitsch, Zeitschr.f \ wiss. Z 00 L lix. 1895, p. 46. 
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Protodrilus * and Polygordius are distinctly Annelidan in 
character. Protodrilus 1 is found in the mud of the “ Pantano/’ 
an inlet of the sea near Messina; whilst of Polygordius 2 one 
species at least occurs on our shores, and several others in the 
Mediterranean and elsewhere. The worms are cylindrical, with 
many segments, but these segments are only indistinctly marked 
externally — by girdles of cilia in Protodrilus , or by faint grooves 
in Polygordius; but there are none of the characteristic Ohaetopod 
bristles or chaetae. The small prostomium which overhangs 
the mouth is provided witli a pair of ciliated pits, and carries a 
pair of tentacles, serving as sensory organs, which, in Protodrilus , 
are also respiratory. The anus is surrounded by glandular 
papillae in Polygordius , by means of which the animal can fix 
itself; these are represented in Protodrilus by a couple of processes. 

The nervous system lies entirely in the epidermis. The body- 
cavity is regularly segmented by transverse septa passing from the 
body-wall to the intestinal wall. The foregut presents a slight 
eversible portion in Polygordius , whilst in Protodrilus it has 
a peculiar U-shaped muscular diverticulum on its ventral surface, 
corresponding with the similar apparatus in J) inop kilns ; it is 
capable of eversion, and aids the worm in burrowing, as well as 
in seizing and swallowing the mud. The vascular system is re- 
presented by a dorsal and a ventral vessel, neither of which, how- 
ever, is contractile. In Protodrilus the dorsal vessel divides into 
two branches in the first segment, each of which passes to the tip 
of the tentacle, and returning, joins its fellow to form the ven- 
tral vessel. In some species of Polygordius there is a pair of 
vessels connecting the dorsal and ventral vessels in every segment, 
but no vessel to the tentacle. The blood is colourless in some 
species of Polygordius , but may be yellow (1\ neapolitimus ), red 
(7\ lartrus ), or green (P. erythrophthalmus). Paired liepliridia, 
with distinct funnels, occur regularly throughout the body. 

The sexes are separate in Polygordius , whilst Protodrilus is 
hermaphrodite, bearing ova in the first seven segments and 
testes in the remaining segments. The genital cells are produced 
from the body-wall in every segment ; their mode of discharge is 
unknown in the male Polygordius , though probably the nephridia 

1 Hatschek, Arb. Zool. Inst. ITum, iii. 1881, p. 79. 

3 Fraipont, “ Lc Gfcnre Polygordius,” Fauna v. Flora des Golfes v. Ncapel , 
Monogr. xiv. 1887. 
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convey the spermatozoa to the exterior; but in the female the body- 
wall ruptures to allow the ova to escape, and then the animal dies. 
The development of PolyyimHu s lias been made the subject of 
very careful study ; the larva lias long been known, and is a 
typical “ trochosphere ” of rather a depressed form. This 
“ trochosphere ” larva is of considerable importance, as it makes 
its appearance in sundry groups of animals in some form or 
another. Here, in Poly yord ins , it has the appearance of a couple 
of wide but low cones united together by their liases, which form 
the equator of the larva. This equator carries a double girdle 
of cilia, dividing the animal into a preoral and postoral region ; 
for the mouth is placed on one side, of the animal between the two 
girdles, while the anus lies at the apex of the postoral cone, and 
is surrounded by another girdle of cilia. The alimentary canal is 
divisible into three regions ; it is separated from the body-wall by 
an extensive space, which contains cells destined to give rise to 
muscles and nephridia. A nervous system (apical plate) is present 
at the apex of the preoral cone. This little larva swims freely 
on the surface of the sea, moving, balancing, and feeding by 
means of the girdle of cilia. It soon increases in length by the 
active growth of the apex of the postoral cone, which becomes 
cylindrical and then segmented externally and internally. The 
greater part of the original larva remains of the same shape as 
before, and forms the head (prostomium and peristomium) : small 
tentacles grow out of the preoral loin*, and after a gradual 
reduction in the relative size of the “ bead ” by the growth of 
the segmented “ body,” the animal becomes worm-like and develops 
into a Poly y or dins} 


Order II. Polychaeta. 

Anatomy Of Nereis. — In order L«> obtain a general idea of 
a Polycliaete worm, it is well to study a concrete example, and 
for this purpose the common Nereis serves excellently. Several 
species (see p. 315) occur more or less commonly on our coasts, 
and the general remarks will apply to one as well as to another. 

Nereis pelayica Linnaeus reaches a length of 5 to 6 inches, and 
is about ^ inch across. It is convex above, nearly Hat below. Its 

1 T. J. Parker, Lessons in Elementary Biology , London, 1891, p. 267, gives a full 
account of the anatomy and development of Poly gor dins. 
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Fro. 122. 

Ij., natural size. (From 
Fillers. ) 


colour is brown or bronze. The worm, which is to be found in 
shallow water, is made up of a considerable number of rings or 
segments, constituting the “trunk” or “body,” 
terminated at each end 
by modified segments 
known as “ head ” and 
" tail” (Fig. 122). The 
segments composing the 
trunk are all alike, ex- 
cept for small propor- 
tional differences, and it 
will be convenient to 
describe a “ typical seg- 
ment ” before referring 
to the head or tail. 

A typical body seg- 
ment earriesmi eacli side 
a muscular lobed out- 
growth, bearing bundles 
of bristles or “ehaetae,” 
and filamentous sensory 
organs known as “ cirri.” 

To this lateral locomotor 
■Nereis pel ay ica organ Huxley gave the 
name “ para podium ” 

(Fig. 124). Each para- 
podium or foot consists of a basal portion, 
supporting a dorsal and a ventral process, the 
“notopodium” (ntp) and “ neuropodium ”(wr/>) 
respectively, each of which is bilobed. The 
lobes are very vascular and glandular, and 
probably serve as respiratory organs or “gills.” 

The ehaetae, or bristles, of each bundle 
project from the mouth of a great sac, the 
lips of which are particularly prominent in 
Nereis. Each chaeta arises from a single 
cell situated at the bottom of the sac. The 
ehaetae of Nereis, as of many other Polychaetes, are of a kind 
usually termed compound or “jointed,” each being composed of a 
long stalk and a small “ appendix ” articulated in a cup at its 



Fill. 123. — Chaetae of 
Nereis , enlarged. A, 
from neuropodium ; B, 
from notopodium of N. 
diversiedor ; C, swim- 
ming cliaeta of Hetero- 
nereid stage of N. 
dumerilii . 
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extremity (Fig. 123). The shape of the cup varies; it is in 
some cases of equal height all round, or it is higher on one side 
than on the other. Further, the appendix may he short and 
curved, or more elongate and spear-like; it is generally notched 
or finely toothed on one side. 

In addition to these projecting locomotor chaetae, there is 
embedded in each of the two cliaetigerous lobes a much stouter 


n 

ch 


ch 


Fig. 124. - JVm’/.v. Somewhat diagrammatic transverse section throng}) the body. O 11 the 
left the chief constituents of the vascular system are represented ; on the right side 
the chaetae and their muscles, as well as the distribution of the lateral nerve, cte., 
are shown, ac , aciculutn ; Iw, network of blood-vessels ; ch, chaetae (only a few 
are shown) in two bundles ; ch. I, lips of the cliaetigerous sac; cif. ory, dorsal ciliated 
organ ; cir, circular muscular coat ; coe, coelom ; d.cir, dorsal cirrus ; d.hmy, 
dorsal bundle of lougitudinal muscles ; d. rc t dorsal blood trunk ; ep, epidermis ; 
I NT, intestine ; int. cap, blood capillaries in its wall ; m.ch, muscles which move 
the chaetae ; X.c, ventral nerve cord ; tier , lateral sensory nerve, dividing into a 
ventral branch entering the ventral cirrus, and a dorsal branch {u.ci.r) for the 
dorsal cirrus ; neph, nephridium, seen through the oblique muscle through which 
its funnel passes ; nrp , neuropodium ; nrp.lig , neuropodial lobe or ligule ; ntp, noto- 
podium ; ntp.liy , notopodial ligule ; ohl, oblique transverse muscle (muscle of the 
parapodium); pv, peripheral blood-vessel; v.cir, ventral cirrus; v.luny , ventral 
bundle of longitudinal muscles ; r. re, ventral blood trunk. 

and dark -coloured, needle-shaped bristle known as an “ aciculum,” 
whose point only just projects beyond the surface. This aciculum 
extends into the interior of the body much farther than do the 
locomotor chaetae, ami it is to it that the muscles serving to 
move the whole bundle of chaetae art 1 , attached. The acicula 
thus serve as an internal skeleton to the parapodium. The shape 
of the parapodium, the relative lengths of cirri and lobes, the 
shape and arrangement of the chaetae, are all employed as specific 
characters. 
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The head consists of a preoral portion above the mouth, the 
“ prostomium,” and a postoral region surrounding the mouth, the 
“ peristomium ” (Fig. 125). The prostomium varies in shape 
in different species of Nereis; but it always carries on its 
dorsal surface two pairs of eyes. From its narrower anterior end 
there arises a pair of short, somewhat conical, sensory processes 
known as the “ prostomial tentacles.” A second pair of processes 
springs from the under surface, and rather to the side of the 
prostomium ; these are known as the “ palps,” and in Nereis are 
much more conspicuous than the tentacles ; each is composed of 
two parts, a large basal piece and a smaller terminal joint, capable 
of being withdrawn into the former. The palps are highly mus- 



Fia. 125 . — jYereis divers icolur Mull. x 4. Head, with buccal region everted. A, Dorsal 
view ; B, ventral view, a, Prostomium ; Jl, everted buccal region ; c, r,' peristomial 
cirri, 1, 2, 3, 4 ; d, denticles or paragnaths ; e, eyes ; A’, lower lip ; 1% palp in A, 
entrance to pharynx in B; */, jaw; T, tentacle; I, peristomium; Jl, loot of 
a] >parent second segment. 


cular, and though they are sensory organs, act also as great 
lateral lips. 

The peristomium is in many species of Nereis (as in A pela- 
(jiea) considerably larger than the trunk segments ; it carries at 
its anterior edge four filiform cirri on each side, which are directed 
forwards and used as feelers. They are arranged in couples ; 
a more anterior couple of dorsal and ventral cirri, and a more pos- 
terior couple of dorsal and ventral cirri. 

The Tail. — As the most anterior segment is perforated by 
the mouth, and is modified as described above, so the last or anal 
segment, which carries the anus, differs from the rest. It is more 
or less elongated, cylindrical, and without parapodia or chaetae. 
It retains, however, its pair of ventral cirri, which are very 
long. 

Internal Anatomy.— -In correspondence with the external 
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metamerism there is ail internal repetition of parts. For, except 
in the anterior segments, where the powerful protrusible pharynx 
is situated, the body-cavity or “ coelom ” is divided into a series 
of chambers, by means of muscular septa inserted, on the one 
hand, into the body- wall at the level of the grooves between the 
external segments, and, on the other, into the wall of the ali- 
mentary cane'll. Each of these eoelomic chambers contains a pair 
of nephridia, a portion of the intestine, of the vascular system, 
and of the nervous system, as will be seen in Fig. 124. 

The epidermis, which forms the outer part of the body-icaU, 
consists of a single layer of cells, covered externally by a thin, 
tough cuticle. The latter is usually stated to consist of the 
chemical substance known as chitin, but since the cuticle differs 
from true chitin by dissolving in caustic potash after a time, 
Kisig 1 lias suggested that its substance is merely a stage in the 
formation of chitin. The epidermis contains gland-cells, which 
are especially abundant on the lobes of the parapodia. Below 
the epidermis lies the circular coat of muscles by whose* con- 
traction the worm diminishes its diameter: it is interrupted on 
each side at the junction of the parapodium with the body. 
Deeper still lie the longitudinal muscles, which form four great 
bundles, two dorsal, separated by the insertion of a small 
mesentery and dorsal blood - vessel, and two ventral bundles 
separated in the middle line by the nerve-cords. These longi- 
tudinal muscles, by their contraction, bend the worm from side 
to side, and are continuous from segment to segment. A 
very characteristic muscle, present in all the Polychaeta, is an 
obliquely transverse sheet of fibres passing from the body-wall at 
the side of the nerve-cord to the parapodium, where it spreads out 
and serves to move the parapodium (Fig. 124). All these muscles 
consist of smooth fibres, as in the earth-worm. 

The alimentary canal may be divided into the following four 
regions: — (1) buccal or eversible region, (2) pharynx, carrying 
the great jaws, (3) oesophagus, (4) intestine. 

The first two regions constitute an “ introvert 99 (Lankester * J j. 
When fully everted the whole of the buccal region is turned 
inside out, and the terminal aperture leads directly into the 
pharynx, which is not everted but merely protruded. Through- 

1 4 ‘Die Capitelliden,” Fauna u. Flora d. (lolfes v. Neapel, Monogr. xvi. 1887, p. 350. 

3 Encyclopaedia Britannica, 9th cd., Art. “Mollusca,” p. 652. 
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out tlie following chapters the word “ huccal ” region is used for 
that part — if any — which is thus everted (Figs. 125, 126). 

Both the buccal and pharyn- 
geal regions are wrapped round 
by several coats of muscle, to 
^ form apparently a single mus- 
cular organ (Fig. 127, sh), which 
occupies about eight segments 
in a condition of complete in- 
troversion. The septa are absent 
from the anterior part of the 
body. 

The buccal region is lined 

with chi tin, which is specially 

thickened at certain definite 

ViG. 126.-p i, ^ m s tQ lUustrato the action spots, forming small “denticles” 
of the Chaetopodau “introvert. (From 1 ° 

Lang.) A shows the apparatus at rest ; or “ paragliatllS (tig. 125), 

tlie mouth W S into the lmecal eavity w]li(jll j different arrange- 

(/I), with paragiiatlis m its wall ; 1\ the _ _ ^ 

pharynx, with jaws at its anterior end ; llieilt ill the various species. 

sis ! \ nrsyrti %£,; •» *• » 

brought forward or protruded by the narrow and the walls thick and 

muscular ; each side wail carries 
lie some way in front of tlie head, which 4l large, dark, cllitillOUS “ jttW ” 
iS '-I**-— ,tea by the brain. (F j g> l27) J), which is hollow 

at the base, into which the muscles serving to move it are inserted, 
whilst the apex is solid, curved, and more or less notched. These 
two great jaws are used not only for tearing prey, but for seizing 
it ; for when the pharynx is entirely protruded tlie two jaws 
arc wide apart, and when retraction takes place they come 
together and grasp the prey. 

Eversion of the apparatus is partly effected by protractor 
muscles (Fig. 126, A, j>) and partly by tlie pressure of the coeloinie 
fluid, compressed by tlie muscles of the body-wall ; the eversion 
is stopped at a certain stage by a sheet of muscular tissue 
or “ diaphragm ” (Fig. 127, diaph) inserted round the buccal 
region and attached to the body -wall in the second segment. 


The introversion is effected partly by the contraction of this 
diaphragm and partly by the action of powerful retractor muscles 
(Fig. 126, r) inserted into the hinder end of the pharynx and 
passing to the body-wall (these are removed in Fig. 127). The 
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movement ot‘ the jaws themselves and of the wall of the 
apparatus is due to other muscles. 

The oesopkayus is quite short ; into it opens a pair of saccu- 
lated diverticula or glands. Then follows the intestine , which 



Fin. 127. — Nereis, laid 
open by removal of 
the dorsal body-wall. 
hr. Cerebral ganglion, 
from which three pairs 
of nerves are repre- 
sented as arising ; a 
pair to the, tentacles, 
a pair to the palps, 
and a pair (rou) pass- 
ing one on each side 
of the buccal region, to 
join the ventral nerve- 
coni; mo, mouth, ex- 
posed by removal of the 
dorsal wall of the buc- 
cal region (Hue ) ; jh/m, 
the paragnaths in its 
wall ; Vh, pharynx ; 
./, the, large “jaws” 
embedded in its wall ; 
J.mns , the muscles 
which work the jaws : 
sli, the muscular 
sheath ; dinph , the 
“diaphragm”; oe.s, 
oesophagus ; yf t its 
glands ; st , stomach ; 
iut, intestine ; 
septum ; d. v, dorsal 
blood trunk ; p.r, 
perivisceral branches, 
one pair in each seg- 
ment ; /*, palp ; /, ten- 
tacle ; per, pc list o- 
mium ; jne.ci, two of 
the four peristomial 
cirri ; pjitll , the first 
para podium which be- 
longs to the third true, 
but second apparent, 
segment ; cir.m, circu- 
lar muscular coat ; 
ly.m , longitudinal mus- 
cular coat of the body- 
wall. 


extends through the rest of the body iis a thin-walled tube, 
slightly dilated at the insertion of the septa. 

The vascular system consists of a contractile dorsal vessel and 
of a non-contractile ventral vessel extending along the whole length 
of the body, from each of which paired and segmentally-arranged 
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vessels pass to the intestinal wall and to the body- wall, and here 
form extensive capillary networks (Fig. 124, p. 247). This type 
of vascular system is pretty generally adhered to throughout the 
Order, but in the Terebelliformia, Scoleei formia, and Crypto- 
eephala the dorsal vessel and capillary plexus on the intestine 
are replaced by a continuous blood sinus, situated in the sub- 
stance of the gut-wall. This “ perienteric sinus ” has the same 
relation to the segmental vessels as the dorsal vessel has in the 
Nereidiformia, and from it a tubular dorsal vessel arises ante- 
riorly. In Arenwola the sinus is preceded in the young stage 
by a network the branches of which gradually enlarge, meet, and 
fuse to form the sinus. 1 Whether it is in all cases secondary is 
a moot point. 

This system of vessels in the majority of Olmetopoda contains 
a respiratory fluid coloured red 2 by haemoglobin in solution ; in it 
float a very few small oval nucleated non-amoeboid corpuscles. Hut 
the place of this red pigment is taken by a green one, named 
“ ehlorocruorin,” in the Chlorhaemidae and many Sabelliformia ; 3 
whilst in Ma t f clan a 4 the blood is tinted madder-pink by a number 
of globules of “ haemerythrin.” The blood (or “ haemal fluid ”) is 
driven forwards in the dorsal vessel, and passes backwards in the 
ventral vessel. Inspiration in Nereis is carried on by the whole 
surface of the body, but naturally with greater activity in the 
surface of the parapodia, the lobes of which, with their extensive 
vascular plexus, may be termed “gills”; but it must be borne in 
mind that these organs have other functions as well. 

The coelomic jluid, which fills the general body-cavity, is 
colourless, and contains amoeboid corpuscles or “leucocytes.” It 
corresponds to the lymph of Vertebrates, being nutritive in func- 
tion, in that it conveys absorbed material from the wall of the 
intestine to the organs of the body, and at the same time removes 
any waste substances from these organs ; these waste substances 
contain nitrogen, and are ultimately removed by the nephridia. 
hi Ophelia many of the corpuscles contain a curious dumb-bell- 
shaped rod of ehitin, and it has been shown n that this substance 

1 Denham, “The Posl-Larval Stage of Arcnicolti,'' J. Mar. Biol . Assoc, iii. (u.s.) 
1893, p. 48. 

2 The blood is colourless in Syllidae ami Nephthydidae. 

Elders states that some Eunicidae have green blood. 

4 Denham, Quart. J \ Mien. Sci. xxxix. 1896, p. 1. 

Schaeppi, Jena . Zcit. xxviii. 1894, p. 217. 
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is a highly complex form of excretory material, — more complex 
than guanin, for instance, which exists in the corpuscles of the 
Capitelliformia. 

In Grlyceridae, Capitelliformia, and Polycirrus hnnnatodcs (a 
Terebellid), the vascular system is absent, and the coelom ie 
corpuscles become coloured by haemoglobin, and in order that 
the coelomic fluid may be distributed to the organs of the hotly, 
the peritoneum is ciliated along certain definite tracts. The fluid 
in these “anangiun” worms thus combines originally separate 
functions, and behaves like the “ blood ” of Vertebrates. 

The excretory system is represented by a pair of nephridia 
in each segment, with the exception of a few anteriorly and a 
few posteriorly. The 
nephridi uni of Nereis 
differs from that of 
most other Poly- 
ol laetes hitherto ex- 
amined carefully, 
and rather resem- 
bles that of the 
Oligochaetous E 11 - 
chytraeids. It consists of a compact gland-like organ, containing 
a much coiled tube, ciliated for the greater part of its length, but 
deprived of cilia in its last coils ; tliis latter part — or duct — 
leaves the “ gland ” and pierces the body-wall, opening to the 
exterior at the base of the parapodium. The ciliated canal 
passes forwards into the next segment, where it opens by a 
funnel into the coelom. The lip of the funnel is extremely 
curious, for the cells constituting it are drawn out into very 
long, delicate processes covered with cilia. 1 

In most Polyehaetes the nephridium is a wide, sac-like tube 
as in Arenicohi 2 (Fig. 129). Its walls are covered by a dense 
-network of blood-vessels, and it not only acts as an excretory 
organ, but also as a genital duct (see p. 27*1). 

Excretion, in the strict sense of the word, is carried out by 



Fin. 1*28. — Nephridium of Xcreis. (From Goodrich.) /, 
Funnel ; //, neck, which passes through a septum ; t , 
coiled tubule ; c, connective tissue ; rf , duct. 


1 Goodrich, Quart . J. Micr. Zci. xxxiv. 1893, p. 387. 

3 Bcnham, Quart. J. Micr . 8cu xxxii. 1891, p. 325. See also Bourne (nephridium 
of Polynoe ), Tr. Linn. Soc. (Zool.), ii. 1883, p. 357 ; Meyer, for nephridium of 
Terebellidae, Sabellidae, and Cirratulidae, in Ml. Zool , Slat. L r eajief t vii. 1887, p. 
592. 
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tlie cells forming tlic wall of the tube ; they remove waste mate- 
rials from the blood distributed over the surface of the organ. 
Hut, in addition, there is a removal from the coelom, by means of 
the funnel, of any dead or dying coelomic corpuscles which in 
their turn have eaten up or otherwise destroyed foreign bodies 
(such as Bacteria, etc.) that may have entered the animal. 

In Nereis there is in eacli segment, in addition to the pair of 
nephridia, a pair of “ dorsal ciliated organs” (Goodrich) ( eil.org in 
Fig. 1 24). Each appears as a wide-mouthed funnel, greatly folded, 
and without any permanent outlet. But it is possible that these 
organs function as genital ducts, and that the external nurture 
will make its appearance temporarily at the period of maturity. 



Flu. 129. — Nephridiuni of A renicola. (From Denham.) x 4. d, Dorsal lip of funnel ; 
ventral lip of funnel ; b, blood-vessel (all the block lines are blood-vessels) ; w/, 
dilated bladder; x, part cut away from body- wall where the nephridiuni is pass- 
ing to the exterior. 

This “ dorsal ciliated organ ” has not been met with in allied 
genera — such as Eunice , Nephthys , Polyno'e , Glycera — where the 
nephridiuni is a wide tube, and serves as a genital duct. 

The nervous system, as in all Chaetopods, consists of a dorsal 
cerebral ganglion or “ brain ” (Fig. 127, hr), connected by circum- 
buceal commissures with the anterior end of a ventral chain of 
ganglia. The brain occupies the prostomium, 1 and from it nerves 
pass away to the prostomial tentacles and palps. The circum -buccal 
commissures spring from the outer corner of the brain, and from 
each arises a nerve to the first pair of peristomial cirri. The 
first ventral ganglion lies in the third segment, and represents 
at least two ganglion-pairs fused together, for from it arise (1) 
a pair of nerves to the second pair of peristomial cirri and (2) a 

1 It is worthy of note that in AcoJosoma alone amongst the Oligochaeta does the 
brain lie in the prostomium in the adult. 
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pair to the first parapodium. In tlie remainder of the body 
there is a ganglion in each segment, whence nerves pass out- 
wards to the parapodium and muscles of the segment (Fig. 124). 

In Nereis the apparently single ganglion in each segment 
really consists of two halves, and the apparently single cord which 
traverses the whole length of the body consists of two closely 
apposed cords. In some worms, such as Serpulidae, the two 
cords are more or less widely separated, and the two ganglia of 
each segment are thus distinct, and connected by a transverse 
commissure. In Nereis , as well as in many other Polychaeta, the 
nerve-cords lie within the body-wall, but in other cases they 
lie in the epidermis, as they do in Arcliiannelida. 

The visceral nervous system, supplying the muscles of the 
pharynx, is frequently highly developed. In Nereis it arises on 
each side by two roots, one from the brain, the second from the 
eircum-buccal commissure. 


The organs of sense in Nereis are eyes, tentacles, palps, and 
cirri. The four eyes, which rest upon the brain, have the struc- 
ture represented in Fig. 130. The retina consists of a single 
layer of, cells containing pigment ; each cell is drawn out peri- 
pherally into a nerve-fibre, whilst centrally it forms a cuticular 
product — the “rod” (A). The edges of the retina are continuous 
with the surrounding epidermis, and the cup thus formed remains 
widely opened to the cuticle in a few Polychaetes, e.y. Autolytus , 


and in the young of Nereis , but more usually it has the relations 


represented in the 
figure. The lens is 
produced by the re- 
tinal cells (accord- 
ing to Andrews 1 ), 
and is in some 
cases (Eunice, Am - 
phinome ) continu- 
ous with the cuticle. 
It appears to be 
composed in other 


c 



Fui. 130. — Eye of Nereis. (After Andrews. ) >150. A, 

Section through the entire eye ; c, cuticle ; e. epidermis ; l. 


cases (. Lepidonotus ) 
of continuations of 


lens ; h, rods ; r, retina ; optic nerve : B, isolated re- 
tinal element ; c, cell ; p, pigment ; h , rod ;. J\ nerve -fibre. 


the retinal rods. The structure of the other sense organs indi- 


1 Andrews, “The Eyes of Polychaetes,” J. Morph, vii. 1892, p. 169. 



256 


POLYCHAETA 


CHAP. IX 


cates their adaptation to a tactile function ; in each case a nerve 
traverses the axis of the organ, and the nerve-fibrils terminate in 
sensory cells. Very probably the palps have a certain power of 
testing the food — a combination of the senses of taste and smell. 

The Generative System. — ill all the Polycliaeta, with very 
few exceptions, the sexes are separate ; and the reproductive cells 
— ova and spermatozoa — are produced at certain seasons of the 
year by the rapid proliferation and modification of coelomic epi- 
thelial cells surrounding the blood-vessels in the parapodium and 
its immediate neighbourhood. The sexual cells remain in the 
coelom till they are ripe. 

The egg-cells become filled with yolk globules ; a vitelline 
membrane is present, and an outer coat of albuminous material. 
Tt is doubtful by what means these sexual cells are discharged 
iu Nereis. There is some evidence that the “ dorsal ciliated 
organ ” may act as a genital duet. I 11 some other worms the 
nephridia serve this purpose, whilst in others a rupture of the 
body-wall allows the products to escape into the sea. According 
to Wisting hausen, 1 at the time of discharge the females of Nereis 
dumerilii become surrounded by a kind of gelatinous tube 
formed from a secretion of the parapodial glands, and into this 
tube the ova are discharged, and arranged in a single layer round 
its wall. 

The common species Nereis diversicolor is viviparous. Tu a 
large number of species of Nereis the sexually-mature individuals 
undergo very marked changes in various parts of their body, so 
that they differ very greatly from the immature individuals. 

These changes resulting in the “ heteronereid ” condition will 
he dealt with at some length in Chap. X. p. 270. The larvae 
of Polychaetes and other facts connected with reproduction are 
described in the same chapter. 

1 Wistinghausen, “ E 11 1 wick. v. N. dumerilii" Jit . Zool. Sled. Neopci , x. 1891, p. 11. 
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CLASSIFICATION OF THE POLYCHAETA SHAPE HEAD PARAPODIA 

CHAETAE GILLS INTERNAL ORGANS JAWS SENSE 

ORGANS REPRODUCTION LARVAL FORMS BUDDING FIS- 
SION BRANCHING REGENERATION. 

The Polychaeta are marine worms whose bodies are usually 
elongated and cylindrical ; they either lead a free life, swimming 
in the open sea, or crawling along the bottom ; or they pass their 
life in burrows or definite tubes of various kinds. 

Each segment is normally provided on each side with a single 
or a couple of bundles of chaetae, by means of which locomotion 
is effected. These, in the free-living forms, are carried at the 
ends of lateral muscular outgrowths of the body, known as 
“ parapodia/’ which are practically limbs. 

The “ head ” of the worm generally carries eyes, and frequently 
more or less elongated tactile organs, the “ tentacles ” dorsally 
and “ palps ” ventrally. The foregut is frequently provided with 
a masticating apparatus in its anterior region, which is capable 
of protrusion ; but this apparatus is absent in many burrowing 
and tubicolous forms. The sexes are separate, so that there is no 
such complicated system of generative organs as occurs in tin? 
Oligochaeta. The nephridia usually act as genital ducts. In the 
majority of cases the egg develops into a larva, the “ Trocho- 
sphere,” which leads a free life and undergoes a greater or less 
metamorphosis into the adult condition. 

The classification of Polychaeta adopted in this work is as 
follows : 1 — 

1 This is a modification of the classification proposed by me at the meeting of the 
British Association at Oxford, 1894 (see Report, p. 696). For further characteristics of 
these Orders and sub-Orders see below Chap. XII. Killers, “ Die Borstenwiirmer, ” 
1864, gives a historical survey of the group, and enumerates the earlier classifications. 
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Branch A. Phanerocephala. 


Sub-Order 1. Nereidiformia 

Family 1. Syllidae . see p. 306 
,, 2. Hesionidae . „ 308 

„ 3. Aphroditidac . „ 309 

„ 4. Phyllodocidae . „ 313 

„ 5. Tomopteridae . „ 315 

„ 6. Nereidae . „ 315 

„ 7. Nephthydidae „ 317 

Sub-Order 2. 

Family 1. Spionidtae . see p. 321 

,, 2. Polydoridae . „ 323 

„ 3. Ohaetoptcridae „ 323 

Sub-Order 3. 

Family 1. Cirratulidae . see p. 325 

„ 2. Terebellidae . „ 327 


= Errantia , nuctt. + Ariciidae] 

Family 8. Ampliinomidae see p. 318 

„ 9. Eunicidae . „ 318 

„ 10. Qlyceridae . „ 320 

„ 11. Sphaerodoridae „ 320 

„ 12. Ariciidae . „ 321 

„ 13. Typhloseolecidac ,, 321 


Spionifonnia. 

Family 4. Magelonidac . see p. 325 
„ 5. Ammocliaridae „ 325 


Terebelliformia. 

Family 3. Ampliarctidae see p. 330 
„ 4. Amphictcnidae „ 330 


Sub-Order 4. Capitclliformia. 

Family. Capitellidae, see p. 331. 

Sub-Order 5. Scoleciformia. 

Family 1. Opheliidac . see p. 331 Family 4. Scalibrcgmidae see p. 334 

„ 2. Maldanidae . „ 332 „ 5. Chlorliaemidae ,, 334 

„ 3. Arenicolidae . „ 333 „ 6. Sternaspidae . „ 335 

Branch B. Cryptocephala. 
v - Sub-Order 1 . Sabelliformia. 

Family 1. Sabellidae . see p. 336 Family 3. Amphicorinidae see p. 339 
2. Eriographidae „ 338 „ 4. Serpulidae . „ 339 

Sub-Order 2. Hermelliformia. 

Family. Hermellidae, see p. 341. 


Comparative Anatomy of the Polychaeta. 

General Shape of the Body. — The majority of the X J oly- 
chaeta have an elongated and very mobile body, like that of 
Nereis , consisting of an indefinite and usually of a considerable 
number of segments ; a few, however, have a shorter body, with 
fewer segments, definite in number, for instance Aphrodite and 
Polyno'e , which have thirty to forty segments ; and some Hesio- 
nids, with only some seventeen to twenty segments. 
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In Aphroditidae and certain Amphinomidae the body is more 
or less oval in shape. In Lipobramhivs 
and Stevnaspis it is grub-like, short, and 
cylindrical, with rounded ends ; in the 
former it is difficult to distinguish head and 
tail, or dorsal and ventral surfaces. 

The segments composing the trunk may 
be all alike, or may constitute two more or 
less sharply marked regions, the thorax and 
abdomen , differing in the character of the 
chaetae, or in their arrangement, or in some 
other way, as in the Sabelliformia and the 
Capitellifbrmia. 

As peculiar cuticular structures, tin* 
curious shields of Sterna spis, and of certain 
of the Maldanidae may be mentioned. 

The posterior extremity is generally more 
or less narrowed, and most of the Nereidi- 
formia are provided with special elongated 
cirri, borne by the anal segment. T 11 the fi«. 131. — SaMinria ni- 
Maldanidae and others the body terminates Malmgreii. ) Amif r 

in a funnel, at the bottom of which is 

placed the anus. Only in a few cases is the anus not terminal ; 
in JVotopygos and other Amphinomidae, as well as in some species 
of Polynoe, it is dorsal. 1 In Sabellaria and Pectinaria the hinder 
end of the body undergoes great degeneration ; in the former it 
is achaetous, but cylindrical and bent forwards alongside the body 
(Fig. 131). In Pectinaria (Fig. 177), this region, which is 
called the “ scapha,” is leaf-like, and serves to close the narrower 
end of the tube in which the worm lives. Arenicola marina 
and some Terebellids have no chaetae in the hinder, narrower 
part of the body. 

The Head. — The prostomium is, in the majority of cases, 
rounded or conical, though it may be square ( Nephthys ) or 
elongated and jointed ( Glycera ), or even hammer-shaped ( Tomop - 
teris) ; or it i nay be fused with the peristomium, and apparently 
absent {Arenicola). In the great group Cryptocephala, the peri- 
stomium grows forwards so as to hide the prostomium entirely. 

In a few of the Nereidiformia the prostomium is compressed, 
1 In Codbangia (see p. 284) the anus is near the anterior end, on the ventral surface. 
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and in the Amphinomidae it is provided with a dorsal ridge or 
“ caruncle,” which is a leaf-like process overlapping three or more 
segments. In many Aphroditidae (as well as in Poly dor a) there 
is a peculiar “ frontal ” ridge passing forwards from the prostomial 
tentacle, and downwards into the mouth (Figs. 13 2, c , and 133, A,#). 

In all the Nereidiformia, as well as in Sabelliformia and 
Chlorhaemidae, the prostonmmi hears sensory processes of two 
kinds, viz. dorsal tentacles and ventral palps. The latter are in- 
variably two iri number, and are particularly well developed in 
Aphroditidae, Nereidae, Syllidae, some of the Eunicidae, and in 



Fig. 1 S*2 . — A phro - 
dite acAileata L. 
Ven trnl view of 
anterior region, 
x 6. a, Pros to- 
rn in in ; c, frontal 
ridge on prosto- 
miuiu ; d, nenro- 
podial cirrus ; /, 
lower lip ; in, 
mouth ; p , palp ; 
s, intersegment al 
groove ; t , ten- 
tacle ; I, foot 
of peristomiinn, 
which h a s 
shifted forwards 
so as to lie in 
front of the 
mouth ; II to V, 
successive feet. 


Chlorhaemidae. Even when they are apparently absent, as in 
Nephthys, it is possible that they are represented by certain 
lobes at the sides of the mouth, for in many Syllidae they are 
so fused with the prostomiiun as to be scarcely distinguishable. 
In the (Jhlorhaemids the palps 1 are grooved, and in the 
Sabelliformia they become considerably branched, and extend 
round the prostomium so as to nearly meet dorsally and ventrally. 
Each palp is, in this sub-Order, represented by a greater or smaller 
number of long, mobile filaments, arising from a common base ; 
they are grooved along the inner side, ciliated, and provided with 
secondary processes. The crown of “ gills,” in fact, is nothing 
1 It is doubtful whether these organs are palps or only lateral lips. 
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more than the greatly subdivided and enormously elongated palps, 
as both Pruvot 1 and Meyer 2 have shown. In such forms as 
Haplobranchus and Amphieorine the process of subdivision 
(branching) lias only gone a short way. In all the Sabelli- 
formia each filament, in addition to its sensory function, aids in 
conveying food to the mouth by the action of the cilia, and lias a 
blood-vessel within, thus acting as a respiratory organ. The 
filament may carry compound eyes (Fig. 143) either at its apex 
( Bra rwb i o mma) or at intervals along its course ( Dasyclione ). 

T 11 the family Serpulidae one (rarely two) of the most dor- 
sally placed gill filaments is enlarged terminally, and acts as a 




Ki«. 133. — A, Anterior eml 
of Poly dor a enlarged, 
r/, Prostoiniuni ; .r, 

frontal ridge ; I, peri- 
stomium ; c' t its long 
cirrus; 11,111, etc., tile 
following segments ; c, 
gill : B, head of Sahel- 
lid; P, palps (branchial 
crown) ; t, position of 
tentacles ; /, processes 
of upper lip membrane ; 
I, peristominiu raised 
into a collar: 11, 111, 
1 V, following seg- 
ments. 


stopper or “ operculum,” which closes the mouth of the tube 
when the animal withdraws into it. Further, in Upmtrhis this 
operculum is grooved on one side, and serves as a brood pouch in 
which the eggs undergo development (Pig. 184, \\ 341). It will 
be seen, therefore, that the palps may be very important organs 
for the life of the worm, and they are no less interesting to the 
comparative anatomist, serving as they do as an excellent illus- 
tration of the various uses which Nature finds for one ami the 
same organ. 

• In the other sub-Orders the prostoiniuni carries neither palps 
nor tentacles. 

1 Pruvot traced the nerve- supply to these organs, and thus established their 
homology. Arch. d. Zool. Expir. (ser. 2) iii. 1885, p. 211. 

2 Meyer, “Stud. ub. d. Kdrperbau der Anneliden,” Mt. Zool . Mat. Ncapel % vii. 
1887, p. 592 ; viii. 1888, p. 462. In this work a great number of important and in- 
teresting anatomical facts are recorded with respect to the Terebelliformia and 
Sabelliformia, as well as certain details as to the structure and development of the 
nephridia. 
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The tentacles in the N ereidi formia present a wide variation 
in number; probably the typical number is three, one of which 
is median and two lateral — as in Polynoids, Syllidae, and some 
Kunicidae. Further, there is a certain amount of evidence in the 
nerve supply of the median tentacle to show that it was origin- 



Fig. 134. — Heads of various Polychaeta (diagrammatic). A, Polynoid ; B, Syllid ; C, 
Nephthys ; D, Eunice ; E, Phyllodocc ; F, Tr aphonia : a , prostomium ; c, normal 
cirrus ; c\ peristoinial cirri ; c’-, cirrus of second segment ; c 3 , cirrus of third seg- 
ment ; el\ point of attachment of elytron ; p, palp : .v, liuclial organ (ciliated pit) ; 
f, tentacle ; I, peristomium ; IT, III, IV, segments. 


ally double. The presence of four tentacles, then, as in Kephthys , 
Phyllodoce, and Glycera , may be a primitive condition. By the 
disappearance of the paired lateral tentacles the worm possesses 
a single median one, as in Aphrodite and Amphinomids ; 1 whilst a 
duplication of these lateral ones leads to the condition of Eunice* 
and Hyalinoecia , which have five tentacles. In the Chlorhae- 
midae the number is further increased to five or more on each 
1 In some of the members of this family paired lateral tentacles appear to exist. 
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side , 1 and in the Terebellidae tliese prostomial processes become 
very numerous. 

In the Cryptocephala there is never more than a single pair 


of tentacles, and these are gener- 
ally reduced to a group of sen- 
sory cells, though in Sabellaria 
they retain 9 considerable size. 

In a few genera, such as 
Aphrodite , , Nephthy.% Capitella , , 
the first postoral segment is 
distinguished from the succeed- 
ing segments only by its position 
witli regard to the mouth (Fig. 
132) and by its smaller size. 
Hut in the remainder of the 
Tolychaeta, with here and there 
an exception, the peristomium is 
achaetous in the adult.“ 

Except in the Nereidiformia, 
peristomial or tentacular cirri 
are rare, being represented in 
the Spioniformia by the very 
long “ tentacles.” I 11 the Nereidi- 
formia one or more of the 
following segments may be added 
to the peristomium, and share 
in the “ eephalisation,” which 
is so characteristic a feature in 



•’Ki. 135. — SaMlaria alreolata L. Ventml 
view of anterior region, x 10. a, 
Notopodial cirrus; ft, notopodium ; c, 
neuropodium ; ch, peristomial eliaetao ; 
d, neuropodial cirrus ; m, moutli ; / J , 
multilid palp (gill filaments) ; P\ ridges 
after removal of gill filaments ; .v, 
ventral (tubiparous) gland shield ; 2T, 
tentacle ; I, hood formed by peri- 
stoi nium ; II to VI, following seg- 
ments. 


this group. In Amphinomids 

the first three or four chac'Jgerous segments are incomplete 
ventrally, owing to the shifting of the mouth backwards ; these 
segments form lateral lips, but they are not otherwise modified. 
In Phyllodoce , however, there are four cirri on each side of the 
mouth, and from the arrangement in the Alciopids we are 
justified in concluding that the segment which carries the four 
pairs of cirri is really made up of three segments (Fig. 134, 
E). Among the Hesionids there are four sucli “ cephalised ” 
achaetous segments with long cirri. 


1 It is possible that some of these may be peristomial. 

- Individual cases in which chaet&e are present have been recorded. 
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In a few cases, such as the Chlorhaemicls and Sternaspis , and 
to a slight degree in Arenicola, the “ head ” and even the anterior 
part of the worm is capable of being withdrawn into the body. 

The Parapodia and Chaetae. — The typical parts of a para- 
podium have been described in the preceding chapter ; here it is 
only necessary to refer to the series of diagrams (Figs. 136, 137) 
representing the parapodia of the more common Polychaetes, and 
to add a few remarks about them. 

In most Annelids the chaetae are in two bundles on each 




Fkj. 136. — Puni|JO<lia. A, Xephthys ; B, Aniphimme; C, Glycera (the unlettered lobe 
above y is the notopodial cirrus) ; D, Splits ; E, Eunice ; F, Phyllodocc. a , Noto- 
podial cirrus ; ft, uotopodium ; c, ueuropodiuiii ; rf, ncuropodial cirrus ; y , special 
gill ; )t, aciculum (omitted in B) ; x, cirri form lip of chaetigcrous sac. 


side, but there are certain families in which the dorsal bundle, 
and even the uotopodium itself, is absent, as in the Eunicidae, 
Syllidae, and Phyllodoeidae ; or the dorsal bundle may be absent 
only in certain regions of the body, as in the liind-body of Tere- 
bellids. I 11 some Amphinomidae and Aphroditidae the noto- 
podium is scarcely distinct as a separate lobe, being a slight 
tubercle on the upper surface of the neuropodium ; but the noto- 
podial chaetae are present, and indeed particularly well developed 
in many cases. 

But whilst, in tlie Nereidiformia, the parapodia, whether con- 
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sisting of two lobes or only one, sire always well developed, and 
project to a more or less pronounced degree from the sides of 
the body, it is otherwise in the rest of the group, where the eluie- 
tigerous lobes are usually reduced to mere tubercles or ridges, no 
doubt in relation to their burrowing or tubieolous habits, in 
tftcrnaspis the chaetae issue directly from the body-wall. 

Amongst the Nereidiformia we find examples in which the 
parapodia, instead of being more or less conical “ legs,” are 
flattened fore and aft so as to serve as efficient “ fins,” as in the 
active swimmers, Nereis rive as and Nephthys caeca, and in tin* 
pelagic Phyllodocids, Alciopids, Typliloscolecids, and Tomopteris . 



D 




C 


D 



Via. 137. — Parupndiri. 
A, Poly no* / B, $n>- 
loplos; C, Kuphrosyne. 
(Transverse section of 
body.) o\ Accessory 
cirrus ; //, doubtful 

branchiae : D, So hello 
(thoracic ). o , Noto- 

podial cimis (‘Ely- 
tron ” in A, “Kill ” in 
B) ; h, notopodimn : 
f\ iiLMiropodinm ; d, 
ueuropodial cirrus ; it, 
aciculum (accidentally 
omitted in C). 


Of the typical dorsal and ventral cirri, the ventral is only 
absent in some Amphinomids amongst the Nereidiformia ; the 
dorsal is absent in Nephthys and degenerate in G/yeera , whilst 
ill a very large number of families of the other sub -Orders 
neither cirrus is present. These cirri, though originally fila- 
mentous and sensory, may, by virtue of special blood supply, 
become “ gills,” and this occurs in several families of different 
sub-Orders. Thus in Eunice this gill is comb- like ; in Amphi- 
nome and in Arenicola (on certain segments) it is arborescent, 
as it is also in one to three segments in Terebellids; whilst in 
Ariciidae, Spioniformia, Cirratulidae, Opheliidae, and Sabellaria 
it remains more or less finger-shaped or filamentous. In tin* 
family Serpulidae the thoracic cirri, hotli dorsal and ventral. 
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become Hat timed and extended antero-posteriorly, and unite with 
one another to form the “ thoracic membrane.” 1 In Phyllo- 
docidae the cirri are foliaceous and natatory, and they contain 
ji great quantity of glands of a peculiar character. The Aphro- 
ditidae are distinguished from other Annelids by the possession' 
of “ elytra ” or dorsal scales, which appear to be the dorso- 
ventrally flattened cirri, retaining their sensory nature, but 
.adding to this function several others.* - ’ * 

Thu chaetae or bristles are mainly used in locomotion, but it 
is not, unreasonable to believe that some of the stronger, serrated 
kinds may be used as weapons of offence and defence; certainly 
the Volynoids, bristling as they do with stiff chaetae along each 
side, must be rather unpleasant to their smaller enemies. 

The various bristles may be placed in three chief groups, viz. 

(1) simple; (2) jointed ; (3) uncini (see Fig. 138). 

(1) The simple chaetae may be smooth and hair-shaped, i.c, 
“ capillary,” such as are present in nearly all families : or they 
may be forked (Amphinomidae), comb-shaped (. Eunice ), notched 
or serrated, or provided with a series of frills at right angles to 
their length, as in Aphroditidae ; or fringed along one or both 
sides with a membranous expansion, as in Terebellids and 
Sabellids. The simple chaetae may also be short and spine-like, 
as in the ventral handles of ArenicoUr ; or they may he slightly 
curved at the end and notched, forming what are generally 
termed “ crotchets,”' such as are common amongst Oligochaeta. 
These. “ crotchets ” may he simple, or have numerous denticula- 
tions at the end (Maldanidae), or he provided with a membranous 
hood (Spioniformia, Capitelliformia). In Hermione peculiar 
sheathed, spear-like bristles occur (Fig. 138, N). 

(2) Jointed chaetae have already been described (p. 246); they 
are confined to the suh-Order Nereid iformia, and occur only in 
certain families. 

(3) The uncini are very short chaetae, which are simply 
embedded in the skin, and do not extend beyond the body- wall 
into the body-cavity. An uncinus is a sharply curved hook, which 
may have more or less numerous secondary teeth on it. They 
are characteristic of the Sabelliformia and the Terebelliformia. 

The chaetae appear as solid, usually fibrillated structures, of 
a yellow or golden tint, transparent and refringent. Chemically 

1 Mc*yer, loc, cit . a Haswell, l\ Linn, Soc, N,S, Wales, vii. 1883, p. 251. 
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they consist of chitin, and each chaeta is the product of a 
single cell. The cliaetae of Euphrosyne arc hollow and calcare- 
ous, being peculiar in both characters. 



Kic;. 138. — Cliaetae of various 
Polychaetes (tin* magnifi- 
cation is not the same in 
all eases). A Donbly- 
f ringed capillary, from 
Terebellid ; B, hooded 
crotchet, from Polydora ; 
C, a fork, from Euphro - 
syne; D, jointed chaeta, 
from PhyUvdoce ; E, 
simple chaeta, with ser- 
rated ridges or frills, from 
a Polynoid ; F, jointed 
chaeta, from Eunice ; G, 
uncinus, from Poinatocvros 
(Serpulid) ; H, one of the 
outer series of palcnc from 
the hood of SabelUtnu 
spinulosa ; I, jointed 
chaeta, from a Syllid ; J, 
miiltideiiticulate crotchet, 
from a Maldanid ; K, 
comh-shaped chaeta, from 
Eunice ; L, iincinu.s of a 
Sabellid ; M, uncinus of 
Terebel lid ( A mph itrile 

Johnstoni) : «, edgewise ; 
h y side view ; m, attach- 
ments of muscles into ba t 
basal plate : ar, accessory 
teeth. N, Sheathed spear 
of Jlermione ; «, the spear - 
shaped capillary removed 
from its sheath ; b , the 
same, w ith shcatli. 


Certain modifications of the chaetae presented by various 
worms deserve mention. In Polydora (Fig. 133, A) and in Chae- 
topterus (Fig. 173, p. 324) those of one segment are especially 
strong, but their significance is uncertain. In Capitella those 
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of the notopodium of the eighth ancl ninth segments are 
specially modified ; they are analogous to the copula tory chaetae 
of Oligochaeta. In Aphrodite , in addition to the ordinary loco- 
motor chaetae, there are brilliant, iridescent bristles and peculiar 
felting threads arising from the indistinct notopodium ; these 

latter, however, are 
not true “ chaetae,” 
but are separate 
chitinous filaments 
similar to the con- 
stituent fibres of an 
ordinary chaeta. 1 

While the chaetae 
in the Nereidiformia 
and others are 

Fkj. 139. — Aphrodite. Foot, x 2. a. Elytron ; h, noto- ir rouped ill bundles, 
podium ; (\ lieuropodiuin ; d, neuropodinl cirrus ; v, aci- * . ’ 

culuin ; 1 , iridescent bristles ; 2, stiff cliaetae ; 3, felt, those ot many other 

families are in ver- 
tical, transverse rows, as in Maldanidae and in Arenicola. The 
uncini are always embedded in such rows, usually slightly raised 
from the general level of the body surface, each being termed 

a “ torus uncinigerus.” These tori are usually limited to the 

sides of the body, but in Myxicola and in Notomastus they 
encroach upon the dorsal surface, and in Uhaetozone> also upon 
the ventral, so as nearly to encircle the body, recalling the 
“ perichaetous ” condition of some earth-worms. 

Gills. — We have already seen that several different organs, 
e.y. the palps in Sabelliformia, the prostomial tentacles of 
Clilorhaemidae, and the notopodial cirri of sundry other Poly- 
chaetes, may take on a respiratory function. There are, however, 
certain “ gills ” developed either on the parapodium itself or 
elsewhere on the body which it is difficult to homologise. Such 
are the retractile (f ills on the parapodia of the Glyceridae (Fig. 
136, C) ; those of Dasybranchus , near the abdominal neuropodia ; 
those of Mastobram-hus , near the notopodia. Nephtliys lias a 
sickle-shaped gill on the under surface of the notopodium. The 
long gill filaments at the posterior end of Sternaspis , again, are 
only doubtfully interpreted as the dorsal cirri of some of the 
posterior segments. 

1 Eisig, “ Die Capitclliden,*’ Fauna «c. Flora G. v. Ncapcl , Monogr. xvi. 1887, p. 331. 
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Since primitively the whole skin of the worm is respiratory, 
any part of the skin may become more or less specialised for this 
function, and chiefly, of course, on the more actively moving para- 
podia. The blood-vessels constituting the essential part of the 
“ gill ” may make use of any already existing outgrowth (such as 
a cirrus or a tentacle), or may push the body-wall out on their 
own account. 


Internal Anatomy. 

Probably those organs which have the greatest effect in modi- 
fying the shape of the body are the septa, for we find in the long, 
free-swimming worms that these are regularly present through- 
out the hotly, and external “ segmentation ” of the body is well 
marked. I11 burrowing and tubicolous forms the septa are fre- 
quently incompletely developed, or more or fewer may be absent ; 
and the body becomes less distinctly segmented externally, tends 
to vary greatly in diameter during movement, or becomes 
plumper. With the disappearance of the septa there is also a 
diminution in the number of nephridia, as in Arenicola , with 
only six pairs. Further, there is frequently a dimorphism of 
these organs ; instead of all of them serving equally as excretory 
organs and as genital ducts, some of the most anterior in the 
Sabelliformia and Terebelliformia become greatly enlarged, and 
take on practically the whole of the former function ; whilst 
more or fewer of the posterior nephridia dwindle in size, and 
become genital ducts. The absence of septa allows a free com- 
munication between the successive segments, and thus a freer flow 
of coelomic fluid for the distension of the anterior end of the 
worm during burrowing. 

The alimentary system presents certain modifications of a 
systematic value. Tn the Nereidiformia the muscular pharynx, 
which is always protrusible and is preceded by an eversible 
buccal region, frequently encloses thickened cuticular plates which 
serve as crushing and grasping organs. The form, number, and 
arrangement of these “jaws” vary in the different families. 
They form valuable fossil records of extinct worms. 

In the Scoleciformia and Capitelliformia the buccal region 
exists, but there are no jaws. In the Sabelliformia and Tere- 
belliformia eversion does not take place and jaws arc absent. 
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Amongst the Ncreidiformia the jaws are absent in the Phyllo- 
docidae and Hesionidae ; when present they are usually set in 
the direct course of the food. There may be one small tooth used 
for stabbing, as in some Syllids (Fig. 141, A); or a circle of such 
denticles (. Autolytus , Fig. 140, D). To these are added powerful 
grasping jaws in Nereis (E) ; or the latter may alone be pre- 
sent, as in Glycera (F). In Polynoe the four jaws are carried 

B 



Fin. 1 10. — Jaws of various Choetopods. A, Transverse section of the anterior end of 
Eunice ; a, b y c y d, various parts of the upper series of denticles lying in a special 
chamber ; <r/, oesophagus ; /•, lower jaw : B, the denticles of Eunice separated ; //, 
upper series ; <r, grinder ; h, forceps ; c, rasping plates ; d, grater ; Z, lower series ; J, 
tooth ; A:, base into which muscles are inserted : C, Polynoid ; U y upper, and Z, 
lower jaws ; j, tooth ; base : D, Diagrammatic section across pharynx of Auto- 
lytus ; E, of Nereis ; F, of Glycera ; G, of Polynoe. 

by hard pieces, to which the muscles are attached (C and (4). In 
Nephthys there is a dorsal and a ventral jaw. 

In the Eunicidae, however, the numerous denticles are carried 
in a special pouch below the food tract, with which it communi- 
cates anteriorly. 1 They are arranged in an upper and lower 
series. The lower series (L) consists of a pair of flat plates (k) 
on each side partially embedded in and acted upon by muscles, 
with a harder enamelled piece — the actual lower “ tooth ” (j ) — 
at its anterior end. The upper series (U) consists of several 
pieces, varying in shape and size in the various genera of this 

1 Compare with this the muscular organ of Dinophilus, p. 243, Protodrilvs , and 
a similar structure which occurs in Terebellids. 
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family; but (level opmentally they result from modifications of 
two rows of small, similar pieces. 1 

The intestine is generally straight and cylindrical, and is usually 
constricted by the septa, if these are present. In the Volynoids 
the intervening sacculations become so long as to receive the 
name of “ caeca,” which, in Aphrodite, become enormously elon- 
gated (Fig. 142); there are eighteen pairs of them (r), each being 



verse section of pharynx of the same ; h, htieeal 
region ; c/, oesophageal outgrowth ; //, salivary 
glands ; intestine ; j, tooth ; p, pharynx ; s, gizzard : 
C, alimentary eanal of Pella (after Wiren) ; i, in- 
testine ; o , oeso]»hagus ; r, rectum ; s , stomacli. 



Fiji. 142. — Alimentary caunl 
< if Aph roili ie. x 1. ( Kroi 1 1 
(legenbaur.) a. Aims;/;, 
pharynx ; r, caeca ; o, 
month. 


a slender tube bent upon itself, giving off short branches and 
dilated distally, where it lies in the base of the parapodium. 

The intestine is looped in a few genera only, as in Tr aphonia , 
or coiled, as in Sternaspis, Petta (Amphictenid, Fig. 141, C), and 
Ammotrypane. In the course of the tube there may be a thick- 
walled muscular gizzard , with hard chitinous lining, as in certain 
Terebellids, where it appears to replace, in function, the pharynx 
of the Nereidiformia ; in the Syllidae the gizzard is present in 
addition to the pharynx (Fig. 141, A). 

Glandular appendages of the oesophagus are present in many 
1 Korschelt, “ tJber Ophryotrocha puerilis,” Zcitschr.f ’. iviss. Zool. lv. 181)3, p. 224. 
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worms. Amongst the Nereid i for mia, the Syllidae and Hesionidac 
possess oesophageal diverticula (Fig. 141, A, d), which are used, 
not for secreting a digestive fluid, but as reservoirs for water and 
air swallowed by the worms ; and are provided with muscular 
walls, by which their contents can be driven out. They appear, 
in fact, to be used like the swim-bladder of fishes. 1 Many 
Chaetopods take in water by the anus — no doubt for respiratory 
purposes — and pass it forwards along the intestine. In the 
( ■apitelliformia a special groove conducts the water for some 
distance, then the groove becomes closed to form a canal, which, 
after a course forwards as a free tube below the intestine, again 
enters the latter, constituting a “ siphonal apparatus,” similar to 
that of the Echiuroids and the sea urchins. 

Sense Organs. — In addition to the prostomial eyes, which are 
present in nearly all the Nereidiformia and Spioniformia, eyes 

may exist elsewhere on the 
body : thus Myxicola in- 
fundibulum and Fabricia 
possess a pair on the anal 
segment ; in AT. aesthetiea 
Clap, there is a pair to 
every segment ; in Branch - 
iomma there is a compound 
eye near the tip of each gill 
filament (■ i.e . palp) ; whilst 
in IJasychone a series occurs 
along each gill filament. 
All these examples belong 
to the Cryptocephala, in 
which, owing to certain 
peculiar modes of life, these 
sense organs are required 
It is usually stated that 
Bolyophthalmus possesses, in addition to the usual prostomial 
eyes, twelve pairs on as many successive segments ; but the 
minute structure of these organs points rather to their function 
as light-producing organs. 

The Capitelliformia and Opheliidae possess a pair of peculiar 
“ ciliated pits ” or u nuchal organs ” at the upper side of the head, 

1 Eisig," Mt. Zool. Stat . Ncapel , ii. 1881, p. 255. 



A B 

Fkj. 143. — A gill filament, A, of Jlranchiomma , 
B, of JMsychone. a , Axis ; /, secondary fila- 
ments ; v, compound eye ; ./*, lappets. 

in correspondingly peculiar positions. 
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between the prostoinium and peristomium, and capable of ever- 
sion (Fig. 144). They are most characteristically developed in the 
Capitelliformia, where each organ abuts upon 
a special lobe of the brain. The function of 
these “ ciliated organs,” which bear a great 
resemblance to those of the Nemertines, is a 
matter of speculation. Similar organs, in the* 
form of simple pits or grooves, occur in many 
of the Nereidiformia, Terebelliformia, and 
others. 1 

Otocysts are rare. Arenicola possesses a 
pair at the base of the prostomiuin, each of 
which in some species retains an opening to 
the exterior. 2 They probably serve as "organs Fl0 - 344 .— AmmniryiHuie 
of direction ” rather than of “ hearing.” Frm ^ (' 11 V 1 ing- 

Aricia and Polyoph thalm us likewise have such Anterior eu«j. 

. . ... . . «, Prostoiiiiuni ; b % 

organs on the prostomium ; whilst Pabricia, everted buccal region ; 
Myxicola , Tcrehella , and a few others possess % ll0t ?j ) .°' lill 1 1 : 
them in the peristomium, or in some other everted; T, 11 , ill, 
segment of the body. llrHt three se s ,ucllts - 

Reproductive Phenomena. — With a few exceptions men- 
tioned below, the Polychaeta are unisexual. The sexual cells 
are developed in all cases from the lining epithelium of the body- 
cavity. The exact spot at which this occurs varies in different 
cases ; it may be, though rarely, on the floor of the body -cavity ; 
it is more usually on the wall of some blood-vessel, either the 
ventral vessel or on branches of it ; or on the many blind blood- 
vessels of Aphrodite . The number of such genital organs is 
very great in most worms, but in those presenting two regions 
of the body they are confined to the posterior segments (Sabelli- 
formia, Terebelliformia, Capitelliformia). The number is very 
limited in Arenicola and other worms presenting but few neph- 
ridia : in the former genus there being six pairs, in Trophonin 
only one pair. 

The following genera are hermaphrodite : — Amphiglena , Hal- 
macina , Protula , Spirorbis , belonging in the Sabelliformia, to 

1 They are specially large also in the Typhloscolccidae ; while Racovitza (Ann. 
Mag. N. II. (ser. 6), xv. 1895, p. 279) has recently suggested that the caruncle of 
Ainphinomulae belongs to the category of nuchal organs, and compares it with the 
ciliated lappets of Pterosyllis. 

2 Ehlers, Zeitschr. f. wiss. Zuol. liii. 1892, p. 217. 
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which must be added some Hesionidae. In this family ova 
and spermatozoa are developed around the same blood-vessel. 
But in the former group of worms (as also in Ophryotroclia ) 
the two kinds of cells are produced in different regions of the 
body. Thus in Protvla the anterior abdominal segments are 
male, the posterior ones female, while in Spirorbis the reverse 
arrangement holds ; and in Syllis corruscans the anterior 
segments of the body contain eggs, whilst the posterior region 
contains spermatozoa, and this region separates and becomes a 
male worm. 

The eggs and spermatozoa in the Polychaeta are discharged 
into the sea either by rupture of the body-wall or through the 
nephridia ; the male and female elements unite, and the result- 
ing fertilised eggs undergo development, either floating separately 
in the water, or embedded in jelly, or attached to the body or to 
the tube of the worm. 

The result of the segmentation of the egg is a free-swimming 
larva known as a “ Trochosphere,” similar to that of Polygordius. 
The larvae of different species present various more or less 
marked departures from this type, for instead of the two girdles 
of cilia there may be only the anterior girdle, or there may be 
several complete or incomplete girdles between the two typical 
ones, or there may be (Chaetopterids) only a single girdle of cilia 
about the middle of the body, the two typical girdles being absent . 1 
The postoral region, after elongation, generally becomes marked 
out into three segments, and these segments develop chaetae, 
which are usually temporary and specially long. 

The little animal is thus equipped for an independent life : 
the provisional chaetae help in keeping it balanced ; and in some 
wises (Spionidae) serve to protect the little soft creature, for when 
it is touched it curls up, and its chaetae stick out at the sides, so 
that it looks like a hairy caterpillar. But the larva is quite at 
the mercy of the sea, for it is carried hither and thither by 
currents, and in this way the species is disseminated. The 
larvae of the Polychaetes, like those of other animals, occur at 
certain periods of the year in large quantities at the surface of 
the sea, and serve as food for various larger animals. 

1 See Claparedc and MetschnikotF, “ Beit, zur Kennt. d. Entwick dor Chaeto- 
poden,” Zeitschr. /. wins. Zool, xix. 1869, p. 163 ; and Fcwkes, “On the Develop- 
ment of certain Worm Larvae,” Bulletin Mas . Harvard, xi. 1883, p. 167. 
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These larvae are at first very different from the adult animal, 
and the necessary changes to be passed through are more or less 
great according to the species. 

It is not our intention to 
describe these changes in de- 
tail. 1 The larva increases in 
size, the permanent chaetae 
make their appearance in regu- 
lar order, and the body exhibits 
segmentation, the new seg- 
ments always appearing just 
in front of the anal segment. 

The internal organs gradually 

develop, and the prostomial and Fl(I * A, Trochosphere of Nephihys. 

1 x 65. Anus ; ft, apical plate (brain) ; 

parapodial appendages grow c, apical tuft of cilia ; c', girdle of cilia ; 

out ill thidv turn Tn Hip *• intestine ; ///, mouth; st, stomach. 

OUt 111 Wltir Ullll. in tilt B Urva of s P io t with three segments, 

Sabelliformia tile multifila- eight days old. x 100 . e 9 Preoral 

niPiitous “m Ik” l,v Hip « irdle ot ' cilia ’ c '» K ir,lle ; eft, 

men LOUS gins t llise oy tile long j )rov i.siouftl chaetae ; pr, prostominm 

continued branching of an at with eyes. (From Claparede and Metscli- 
first simple process (the palp) lllkort -) 

arising from the latero-ventral surface of each side of the preoral 
lobe. 2 These gradually encroach dorsally and ventrally till the 
prostornium is more or less encircled ; meanwhile the peristomium 
grows forwards so as to conceal the prostornium, which no longer 
increases at the same rate as does the rest of the body. 

Although most worms appear to discharge their ova directly 
into the sea and take no further care of them, some make 
provision for their offspring either by laying the eggs in a jelly, 
which will serve as food for the young larvae — ■Arinin , Ophelia, 
Pro tula, Phyllodoce — or by attaching them to their body. In 
certain Polynoids the eggs are attached by means of a secretion 
to the back, under the elytra, where they undergo development 
up to a certain stage. In Exogone and some other Syllids 
they are attached to the ventral cirri, or in Gruhea iimhata, 
all over the back. In the female Autulytux (S Wconereis) a 
ventrally - placed brood sac is formed by the hardening of a 

1 For an account of the anatomy and development of a Trochos] there, see Hat- 
schek, on Eupomalus , in Arbeit . Zool. Inst. iVicn , vi. 1885. Also Meyer, ML 
Zool. Slat. Ncapd, viii. 1888, p. 462 ; and for Polynoid larva see Hacker, Zool. 
Jahrb. Abtk. Anal. viii. 1895, p. 245. 

2 See Meyer (ref. on p. 261). 
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secretion ; the eggs develop into embryos inside the brood sac, 
and then become free, with head appendages and three pairs of 
parapodia. Enormous numbers of such embryos may occur ; 
for instance, some 300 were counted in a brood sac of Autolytus 
ebiensis. In the case of tubicolous worms, the eggs are frequently 
attached to the tube, either inside or outside. I 11 Spirorlis and 
Salmacina the operculum serves as a brood pouch. 

Only a very few species are known to be viviparous, viz. 
tii/ll is vivipara Kr., Cirratidus chrysoderma Clap., Morphy m 
sanyuinea Mont., and Nereis diversicolor Miill. 

In most genera there is no external difference between a 
mature worm filled with generative products and an immature 
one, except, it may be, in the colour ; for the yolk of the eggs 
is frequently tinted yellow, or pink, or bluish, while the sperma- 
tozoa in mass are white ; so that the normal colouring of the 
worm may be modified when filled with these elements. But in 
a few instances striking anatomical peculiari- 
ties are exhibited by the mature worm. 1 In 
many species of Nereis, for instance, those 
segments containing the generative products 
undergo more or less extensive changes, while 
the anterior ones remain unaltered. The body 
of the ripe Nereis is then distinguishable 
.into an anterior lion-sexual region and a pos- 
terior sexual region ; and so great are these 
changes in certain species that the mature 
worms were for a long time believed to belong 
to a different genus, and received the name 
Heteronereis. But we now know their true 
JIG 'n!ilreT« ” Of Neia- relations, thanks to tlu* work of Claparede 
yica L. x 1. A, Non- and others. The males in the Ifeteronereid 
inodilicd tvgion. phase huve fewer unaltered anterior segments 
(From Ehlers.) than the females, so that there is a sexual 
dimorphism. 

The changes which Nereis undergoes in its transformation 
affect chiefly (a) the shape of the parapodia, and (/;) the form of 
the chaetae of these parapodia. Other organs may also be 
affected, though less noticeably ; thus the eyes become enlarged, 
the intestine may become so compressed by the generative pro- 
1 Many of the Polynoids are sexually dimorphic. 
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ducts as to be functionlcss, and the tail develops special sensory 
papillae. 1 

In the parapodia an increase in size and a sharper delineation 
of the various parts take place ; then flattened foliaeeous out- 
growths (Fig. 147, arise from certain lobes of the feet, in which, 
too, the blood supply becomes greatly increased. The old chaetae 
arc pushed out by the development of new ones of quite a different 
shape; these are jointed like the old ones, but the appendix is, 
in many species at least, flattened and oar-shaped (Fig. 1 2M, C, p. 
240) ; and the chaetae are arranged in a fan-like manner. Both 
these modifications are in evident 
relation to the free -swimming 
habit which the Heteronereid now 
adopts. The new foot serves as a 
swimming organ, the old one was 
a walking appendage. 

Whilst some species, such as 
the common British X. divrrsi- 
color , undergo no change, and 
others become modified as just 
described, others, again, are poly- 
morphic. Claparede.was the first 
to show that X. dvtncrUii may 
occur in at least five different 
mature forms; these liffer from 
one another in size, colour, mode 
of life, character of the eggs, etc. 

The immature forms may become 
ripe and lay eggs while still re- 
taining the “ Nereid ” characteristics, or these immature forms 
may become “ Heteronereids ” 2 whilst the sexual elements are 
ripening. There are then three different kinds of males and 
of females in this one species, some being found at the bottom 
of the sea, as the large Heteronereid form, while the small 
Heteronereid swims on the surface. The relations of these 
various forms to one another, and the causes leading to the 

1 Claparede, “Annelides Chctopodes tin (Jolfc dc Naples,” Supplement, 1870 ; 
and Wistiiigliausen, ML Zool . Stat. Neupel , x. 1891, p. 41. 

2 Claparede used the term 44 epigamous ” for this phase ; Elilcrs employed the 
term 44 epitokous,” whilst lie called the “Nereid” phase “atokous,” under the im- 
pression that the worm did not become mature in this condition. 



Kio. 147. — Parapodiuni of male “Hetero- 
nereis” of N. ftciut/ien L. x 10. (From 
Killers. ) n, Notopodial cirrus ; b, 
liotopndiuni ; c, neuropodium with 
new chaetae ; c', foliaeeous outgrowth ; 
tf, neuropodiul cirrus ; x, y, foliaeeous 
outgrowth#. 
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assumption of a Heteronereid condition in some cases and not in 
others, are unknown. 

A somewhat similar phenomenon is exhibited by members of 
the family Syllidae. 1 In this family sexual reproduction is 
frequently accompanied by the asexual modes of fission and 
gemmation. In some genera, such as Eusyllis , Odontosyllis , and 
Erogone , there occur changes quite similar to those characteris- 
ing “ Heteronereis ” — that is, the posterior segments in which the 
genital organs exist become altered, so that the worm consists 
of two distinct regions, and is termed a “ Heterosyllis.” The 
most marked change is the appearance of a dorsal bundle of long 
capilliform chaetae in each of the genital segments (Fig. 148, 1). 

But in other genera the hinder genital region of the body 
becomes separated , on maturity, from the anterior noil-sexual 
region. Various stages of this “ schizogamy or fission into a 
sexual and a non -sexual zooid, have been observed in different 
genera. In the genus Hyllis the first segment of the sexual 
zooid, after its separation from the asexual zooid, proceeds to bud 
forth a head. ' The character of the head is alike in both sexes, 
though different species present heads of different shapes ; and 
as the worms were originally described as distinct genera, the 
names then given are retained as descriptive terms. Thus the 
“ Chaetosyllis ” form has only two tentacles ; the “ Ioda ” form 
has three tentacles and a pair of palps. One and the same species 
(e.g. $. hyalina) may successively pass through these stages. 

With regard to the asexual portion, there is a regeneration of 
the tail segments after the sexual zooid has separated: and the 
number of segments so regenerated is usually equal to those that 
have become sexual. After a time these newly formed segments 
will produce generative organs, and take on the characteristic 
natatory chaetae, and this region will in its turn separate. 

But in other genera, such as Autolytus , the regeneration of 
segments may commence before the separation of the sexual 
zooid ; and the head of the sexual zooid becomes budded out 
before separation from the asexual portion. So that the animal 
now consists of two worms, each with its own head, separated by 

1 Malaquin gives a detailed account of the asexual reproduction in Syllidae in 
Jtechcrchcs sur les Syllidiens , Lille, 1893, and in Bevuc Biol. d. Nord de In France , 
iii. 1891. See also St. Joseph, “ Les annelides polychetes des efttes de l^inard,” 
Ann. Sci. Nat. Zool . (7th ser.) i. 1886, p. 134. 
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a region or zone of proliferation (Fig. 148, IV). Moreover,^ 
some species not only is the hinder part of the body converted 
into a sexual zooid, but the zone of proliferation becomes very 
active, and produces by gemmation a large number of segments, 



Fig. 148. — Diagrams 
illustrating the 
various stages in 
the asexual forma- 
tion of a chain of 
zooids. (Modified 
from Malaquin.) 

I, Heteronereid 

or Heterosyllid 
stage. A, N 011 -sex- 
ual ; A', sexual 

region of the body, 
with modified 
parapodia. 

II, Syllis . The A 1 
hinder sexual re- 
gion, B, is similarly 
modified, and will 
separate from the 
parent zooid, A, 
and become an 
independent zooid. 

III, A ntolytus. 

The hinder zooid, B, develops a head by budding before separation. { 

IV, Autolytus , etc. A zone of budding (z) makes its appearance in 
-front of the head of B, and by its growth will give rise to a series of 

new segments in the middle of the body. 

V, Myrianida , Autolytus , etc. From this zone of budding a very 
large number of segments have been formed, which have, further, be- 
come grouped so as to form three individuals, C, D, E ; B is the hind- ® 
most zooid, which is either formed from the hinder segments of the 
parent zooid or is produced by budding, like C, D, E. 


W 




which become marked out, by the appearance of heads at intervals, 
into a number of zooids, in which genital organs will later make 
their appearance. A chain of as many as sixteen zooids may be 
formed in Autolytus (Fig. 148, V) — the liindermost by conver- 
sion of the hinder part of the body of the original " stock,” the 
intervening zooids by gemmation . 

One original “ stock,” or asexual zooid, thus produces several 
sexual zooids, but these are only of one sex for a gi ven stock. The 
males differ in several important characters from the females; so 
different, indeed, are the two sexes that before their history was 
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worked out by Agassiz 1 they were placed in different genera. The 
male zooid has thus come to be known as Polybostrichus (Fig. 149, 
B). It has three tentacles and two bifid palps ; there are two 
pairs of peristomial cirri ; the testes are confined to the four 
anterior segments, which are without natatory chaetae. The 
female is termed Sctcconereis, owing to the possession of a great 



Fir.. 149. — Myrianida fas - 
data. (From Malaquin.) 
The bright red markings 
of the living ariimul are 
here represented black. 
A, An asexual individual 
which has produced by 
budding from the zone (s) a 
chain of twenty-nine zooids, 
the oldest being labelled 
1, the youngest 29. B, A 
ripe male zooid ( Polybostri - 
chus), with three tentacles 
and a pair of forked palps 
(p). There are live un- 
altered anterior segments. 
C, A ripe female zooid 
(Sacconereis) with the palps 
fused with the prosto- 
inium ; s, the ventral brood 
pouch projecting on each 
side ; l, tentacles. 


ventral brood sac ; its head possesses no separate palps ; the 
peristomium carries only one cirrus on each side ; ova occur in 
every segment of the body, and may even extend into the 
hinder segments of the asexual zooid (Fig. 149, C). 

A further development of this process of gemmiparity is 
exhibited by Myrianida. Here, there is no conversion of the 
hinder segments, but the normal preanal zone of proliferation* 
gives rise to a large number of new segments. After a time the 
most anterior of these becomes a head, and thus a new zooid 
1 Alex. Agassiz, Boston J. Nat. Hist. vii. 1863, p. 384. 
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#"mar out. The zone of proliferation immediately in front of 
head now proceeds to form new segments, and a second 
zooid results. This process goes on till a considerable number of 
new worms have been formed at the tail of the original one, 
the oldest of these new ones being the most posterior, the 
youngest next the original “ stock.” In each zooid there is 
a zone of activity wliich adds to its number of segments, so that 
as we pass backwards the zooids increase in size. As many as 
twenty -nine such zooids may be formed in this way entirely 
by gemmation ; and as each zooid becomes completed, genital 
organs make their appearance, and when these are ripe the zooid 
separates from the " colony ” and leads an independent life. Here, 
as in Autolytus , the sexes are dimorphic, the male and female 
resembling those of that genus. 

The process of gemmation, as seen in Autolytus , closely 
resembles that exhibited by certain Oligochaeta (. Naididae ), 
where there exists a definite alternation of generations ; the 
production of new individuals by gemmation occurring through- 
out the greater part of the year, and sexual reproduction recur- 
ring only at certain intervals. I11 the Folychaeta such alternation 
exists in Myrianida ; but it is only the terminal link of a series, 
which takes its starting-point in the process exhibited by the 
majority of Annelids, where no sexual character marks maturity. 
The next stage is presented by “ epigamous ” forms like Hetero- 
nereis and Heterosyllis ; then “ schizogamy ” makes its appear- 
ance in certain Syllidae, resulting in the formation of two 
morphologically and physiologically distinct individuals which 
lead independent lives. The appearance of a head and of a zone 
of proliferation leading to the formation of a chain of sexual 
zooids is accompanied by a delay in the appearance of the 
genital organs, for in Autolytus these arise during the formation 
of the new individuals, as part of the general process of new 
formation ; whilst in Myrianida the delay is prolonged, and the 
generative elements do not make their appearance till after the 
new individuals have reached some size. 

More simple cases of the separation of the body into two 
parts, sexual and asexual, occur also in some of the Serpulidae. 
Thus in Filigrana and Salmacina the generative elements make 
their appearance in the hinder segments, as they do throughout 
the Sabelliformia ; and this hinder plirt of the body separates 
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from the anterior region after the formation of a new head 
between the two regions. 1 

Another modification of the process of budding and fission 
is exhibited by tiyllis ramosa , one of the most interesting forms 
of animal life which was obtained by the “ Challenger.” This 

worm consists 
of a main stem, 
whence arise a 
number of lateral 
branches, which 
may also branch 
so as to give rise 
to an arborescent 
colony (Fig. 150). 
The branches of 
the first and second 
and higher orders 
arise by budding 
from the sides of 
and some of these 
bud forth a head 



Fig. 1 50. — Portion of Sylfis ramosa. 

M'lntosli.) 


(Reduced from 


the original form or brandies of lower order ; 

1 irunches develop generative products, and 
near the point of attachment. These sexual branches, no doubt, 
separate from the colony and distribute the ova. The worm 
lives in a Hexaetinellid sponge. Crater omorpha meyeri, living in 
depths of 95 to 149 fathoms in the Eastern seas. 2 

Regeneration of lost Parts. — The process of budding and 
fission of the worm into two parts is merely an extension of that 
resulting in the formation of new segments when the worm is 
injured. In most of the Nereid i form Polycliaetes the number of 
segments forming the body continues to increase throughout life 
by the formation of new segments between the anal segment and 
the one in front of it ; that is to say, there is normally a process 
of budding taking place at this point. Now in many of the 
longer worms it may be noticed that the segments of the hinder 
end suddenly become smaller than the rest ; these are segments 
newly formed to replace those lost by the worm. But this 
“ regeneration,” though the same in principle as ordinary growth 


1 Huxley, Edinb. Xcw Philosojth. Jaunt. 1855, i. |>. 113. 

2 “ Challenger ” Report*, vol. xii. 1885, “ Polycliaeta, ” p. 198 ; and Oka, Zoolog. 
Central hi. ii. 1895, p. 591. 
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at the penultimate segment, is clue to activity in a segment (any 
segment) further forwards; in other words, in the less modi tied 
worms every segment has the power of forming new tissues, just 
as each of the joints of a crab’s leg has the power of forming 
the remaining joints when injured. It is not therefore surpris- 
ing that a “ zone of budding ” arises in an uninjured worm at 
certain seasons, viz. that of reproduction ; it is a property that 
each worm possesses, though generally it remains latent till 
injury provides the stimulus. 

Moreover, not only can new segments arise at the hinder end, 
but a new head can be formed at the anterior end, as has been 
observed in worms belonging to many families - in the less modi- 
fied Syllidae, 1 in others of the Nereidiformia, and even in 
Sabellids, where the greatly specialised gill filaments can be 
reproduced. Thus Sir J. .Dalyell 2 noted in lhtsychone that the 
crown of branchiae was regenerated in about a month in spring- 
time, while in winter the process occupied 116 days. He cut a 
Dasychone into three pieces; the hindermost produced a head, 
the anterior piece developed an anus, and the middle portion 
formed both a head and tail ! 

These regenerated heads are of course at first smaller than the 
rest of the body, but soon grow to a normal size. Naturally 
this extensive power of regeneration is of extreme value to the 
Polychaetes, for if a fish or other enemy bites the head off a 
worm, a new one can form ; and it is not difficult to see in this 
the origin of the reproduction by fission as a normal process. 

1 Two new heads have been observed in TyposyHis variegata by Langcrhans, and 
two new tails in another Spiffs. 

2 Dalyell, The Powers of the Creator revealed , etc., vol. ii. 1853, ]». ‘2*25 et set/. 
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NATURAL HISTORY OF FOLY CHAETES GENERAL HABITS CHAR- 
ACTER OF TUBE AND ITS FORMATION COLOURING PROTEC- 
TIVE AND MIMETIC DEVICES PHOSPHORESCENCE FOOD 

USES ASSOCIATED WORMS WORMS AS HOSTS DISTRIBU- 
TION FOSSIL REMAINS. 

All the many hundreds of species of Polycliaetes are marine, 
with a very few exceptions, which have been in recent years 
recorded from fresh (i.e. drinkable) water, viz. a species of Nereis 
from a lake in Mingrelia, another Nereis and a Lumbriconereis 
from running water in Trinidad, 1 a Sabellid, Manayunkia 
speciosa , 2 3 from Philadelphia ; and another Sabellid, Coabanyia f 
from fresh water at Tonquin, which lives in borings in shells 
of Melania ; and it is by no means improbable that other fresh- 
water Polycliaetes ‘exist in Like Tanganyika in Africa, where a 
Medusa has recently been discovered. 

In brackish water of various densities many Polycliaetes live ; 
Arenicola especially is regardless of the character of the medium, 
and Nereis diversicolor appears to withstand considerable admix- 
ture of fresh water. 

The majority of the Polycliaetes occur “ inshore,” that is, be- 
tween tide-marks and in shallow water down to 20 fathoms; but 
they occur at all depths more or less abundantly, and some have 
been dredged from depths of more than 3000 fathoms. 

The nature of the soil composing the shore has a good deal 
to do with the number of worms to be found there ; thus in cal- 
careous districts they are fewer than in places where harder rocks, 

1 von Kennel, Arb. Zool. Instil. JFilrzbury , vi. 1883, p. 259. 

2 Leidy, Proc. Aciui. A at. Hist . Philadelphia , 1883, p. 204. 

3 Giard, C\ R. Soc . Biol . v. 1893, p. 473. 
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such as granite, form the shore line, for the chalk or limestone 
wears away more quickly, and exposes to destruction the worms 
which may have sheltered in its crevices : further, it does not 
give so permanent a place of attachment to seaweeds, on which 
many Polychaetes feed. The calcareous rocks, too, are more 
likely to be traversed by springs of fresh water, which is not 
to the taste of the worms. The sand resulting from the destruc- 
tion of the rocks, whether hard or soft, is of itself unsuitable to 
the majority of worms, which are most abundant where mud 
containing decaying vegetable matter is mixed with the sand : 
this, which gives a firmer consistency to the soil, so that the 
burrows retain their form better, supplies food for the burrowers. 

General Habits. — The division of the Polychaetes into the 
“ Errantia ” or free-swimming and wandering forms, and “ Seden- 
taria ” or tubicolous and sedentary forms, is a misleading mode of 
classification, for as a matter of fact only a comparatively few 
forms are really free-swimming throughout life ; the majority, 
even if they do not form definite tubes, burrow galleries for 
themselves in the soil, and these burrows are in many eases only 
rarely left; this is true of both groups. Amongst the “errant” 
Polychaetes nearly all the Eunicidae secrete a parchment-like tube, 
and some Polynoids form mud tubes. Among the “sedentary 
worms ” there are forms which merely burrow ; while Myxieola 
readily leaves its gelatinous tube and swims freely ; PecMnariti 
carries its house with it as it moves about, and Poly cirrus, a 
Terebellid, does not form any tube at all. 

Owing to their sedentary habits, quite a representative collec- 
tion of genera may be made, especially at a spring tide, at any 
seaside place which is provided with a sandy slum*, and with 
rocks and seaweed. The larger species, however, require to be 
dredged, and the best time is at night, for then many forms 
which during the day are concealed in their burrows, will be 
issuing forth to obtain food. 

It may be useful to give instances of worms occurring in 
various situations between tide-marks. Throughout pretty well 
the whole of the area left uncovered by the tide, even up to nearly 
high-water mark in many parts of the coast, the cylindrical 
“castings” of sand and mud, forming little heaps, indicate 
the burrows of Arenicola , the common “ lug- worm ” ; these “ cast- 
ings ” have passed through the worm's body, having been 
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swallowed during the process of burrowing as well as for the 
purpose of obtaining food, as in the case of the earthworms. 
Bather nearer the water may be seen little tufts of sand-threads, 
about an inch high, springing from a short piece of cylindrical, 
windy tube rising up out of the sand; this is the head end of 
the tube of Ter eb diet conchilcga (Fig. 153). 

Amongst the rocks may be found loose stones of different 
sizes ; on lifting them up, various kinds of worms may be 
brought to light, according to the locality, the time of year, the 
position with respect to the sea, and so on. Tohjnoe is pretty 
sure to be present somewhere near low-tide mark ; the number 
of species is considerable, and their colouring very varied : but as 
the worms have a habit of remaining still on the under surface 
of the uplifted stone, the observer may easily overlook them. 

Other worms occur below the stones, more or less buried in 
the sand or mud ; for instance, a small Nereis may be lying in its 
temporary burrow immediately underneath, and will at once 
withdraw from the now injured part of the burrow; while deeper 
in the mud or sand, especially in rather highly-smelling mud, 
little red worms are abundant, such as Scolojtlos, Nerinc, Oapitella , 
and others.' By digging near low water one may find Nephtliys , 
Glyerra, and others burrowing or hiding in the soil. 

In rock pools, or sandy stretches amongst rocks kept moist 
and cool by abundant Fac us, one may see under stones the red 
or yellow gill filaments of Cirratulus and of Terebellids protruding 
from their burrows and tubes, while other worms are to be met 
witli in clefts of the rocks, and amongst the roots of Laminaria. 

Still farther out, below low -water mark, where one must 
wade, can be seen the beautiful branchial crowns of various 
Sabellids protruding from their tubes ; but care is necessary on 
approaching these worms, as eyes are, in many cases, present on 
the branchiae and a shadow is readily perceived ; then the 
brightly -coloured tuft disappears, and only a piece of sandy or 
muddy cylindrical tubing remains to tell where the Sabella has 
withdrawn. In order to obtain the worms one must dig quickly 
and deeply before they have been disturbed ; for the tube is of 
considerable length, and the inhabitant withdraws to the bottoin 
of it. Some of these soft-skinned worms have the power of 
boring into hard rocks, 1 though by what means they do so is 
1 See M'lntosh, Ann . May. Nat . Hist. (ser. 4) ii. 1868, p. 276. 
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uncertain. 1 Polydora ciliata makes a tube of mud projecting from 
the mouth of U-shaped galleries in chalk, limestone, shells, ami 
even shale ; it has 110 hard jaws or other 
structures sufficient to account for the holes, 
but it is possible that the specially strong 
ehaetae on the sixth segment may be of 
some use in this work. Other lithodomnus 
worms are Sahel! a saxicava and Ihdccuccria 
conchamm , which is a common little borer, 
forming galleries in oyster-shells, etc. 

The tubes formed by these, Polychaetes 
are very varied in constitution. 2 In some 
cases a mucus, which hardens to form a 
firm protective envelope, is secreted from 
special parts (<?.//. the ventral gland shields 
of Terebellids and Sabelliformia), or from 
the greater part of the general surface of 
the body ; in other cases the secretion serves 
to stick together particles of mud or sand, 
or shelly fragments, so as to form a more 
tube (rarely branched), which is lined internally by the hardened 
“ mucus,” having the appearance of silk. 

But the process of tube-making is not a. simple one, for in 
many cases, at least, the worms exhibit definite powers of choice. 
Thus some species of Sahel la choose only the very finest particles 
of mud ; Terehella conchileya chooses fragments of shell ami grains 
of sand ; On aphis conehyleya employs small stones more or less of 
a size; Sahellaria makes use only of sand grains. Whilst some 
worms, like Terehella , Nicouuu-he , and others, make a very irregu- 
lar tube, Pcetinaria builds a most remarkably neat house, 
open at each end, which it carries about with it, the narrow end 
uppermost (Fig. 152); the grains of sand are nearly all of the 
same size and only one layer in thickness, embedded in abundant 
“ mucus,” and with the outer surface quite smooth. 

Sir J. Dalyell 3 made some most interesting observations on 
the method followed by sundry tube-formers in the building of 

1 Lankester has suggested that a strong acid is secreted lor the purpose, see A tin. 
Mag. Nat,. Hist. (ser. 4) i. 1808, p. 233. 

2 M ‘In tosh, Ann. Mag. Nat. Hist. (ser. 6) xiii. 1894, p. 1. 

3 Dalyell, The Powers of the Creator revealed , ii. 1853, p. 217. 



Fit! . 151 . — (llym en e chi - 
nis is in its tube (0 
(from Jicgnc. Ani- 
mal). ir, Anterior, 
posterior end, which 
is, however, injured. 

or less cylindrical 
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tlieir tenements, aiul these observations, though made nearly half 
a century ago, have required very little addition or correction in 
modern times. In speaking of Sabella, he writes as follows: — 



Fig. 152. 



Fig. 153. 


Fig. 152. — The tube of Pectinariu avricuma. x 3. 
(From MTntosli.) This is its natural position as 
earned about by the animal. 

Fig. 153. — The upper end of the tube of Terebella con- 
chilega . Slightly enlarged. (From MTntosh.) 


“ Let a tall and ample crystal jar containing a Sabella be 
emptied of its contents and speedily replenished with sea-water ; 
the animal, if in view, has retreated during the short interval ; 
the orifice of the tube is closed, all is at rest. But soon after 


xt 


FORMATION OF TURK 


289 


replenishment it rises, to display its branchial plume still more 
vigorously than before, and remains stationary, as if enjoying 
the freshness of the renovated element, always so grateful — the 
harbinger of health and strength to those whose dwelling is there. 
The passing spectator would conclude that he now beholds only a 
beautiful flower, completely expanded, inclining towards the light 
like some of those ornaments of nature decorating our gardens. 
He pauses in admiration. ]hit if a, drop of liquid mud falls 
amidst the element from above, disturbing its purity, then, while 
the plume unfolds to its utmost 
capacity, does the animal com- 
mence a slow revolution, the laxly 
also passing around within the 
tube. Now are the thousands of 
cilia fringing the ribs [/.r. the 
secondary filaments] of the bran- 
chiae discovered to be in vigorous 
activity, and their office to be 
wondrous. A loose muddy mass 
is soon afterwards visibly accumu- 
lating in the bottom of the funnel ; 
meantime the neck or first seg- 
ment of the body, rising unusually 
high above the orifice of the tube, 
exhibits two trowels beating down 
the thin edge as they fold and 
clasp over the margin, like our 
fingers pressing a flattened cake 
against the palm of the hand. 

[This refers to the lappets of 
the peristomial collar.] During 
these operations muddy collections arc 1 , seen descending Ixstween 
the roots of the fans [right and left gills] towards the trowels, 
while another organ, perhaps the mouth, is also occupied, it 
may be, in compounding the preparation with adhesive matter. 
Still does the partial or complete revolution of the plume above, 
and of the body within the tube, continue ; the bulk of the muddy 
mass diminishes, activity abates ; it is succeeded by repose, when 
the tube is found to have received evident jirolongation.” 

The Terebellids use their numerous tentacles in searching 

VOL. 11 TJ 



Fig. 154. Terchella ctmch ifet/a Pall. 
Upper end of the tulw ($) showing th 
.•interior end of the worm. //, Its head 
/, tentacles collecting sand grains (y) 
in their grooves ; u\ sand grains ii 
mouth of worm ; f, filamentous fringe 
of tube. (After Watson.) 
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for particles of sand, etc. ; each tentacle is grooved along its 
ventral surface, and the particle is conveyed along the furrow to 
the mouth. These particles are actually taken into the mouth, 
and mixed with some sort of secretion ; on ejection again, each 
particle is placed hy another tentacle in its position * at the 



edge of the tube, and by means of its lower 
lip the Terebellid works it into place . 1 

But whereas the greater number of tubi- 
colous worms make use of adventitious mate- 
rial wherewith to strengthen the wall of 
their tube, the Serpulidae secrete carbonate 
of* lime from >their tube-glands, and mould 
a tube of this substance. Amongst the 
Eunicidae the secreted substance is of itself 
strong enough to protect the animal; for 
in Hyalinoecia and species of Eunice the 
tube consists of a translucent, tough, parch- 
ment-like material. 

Chemical analysis has been employed in 
a few cases to determine the substance com- 
posing the tube. In the case of Hyalinoecia 
(sometimes erroneously called Onupliis) the 
ipaterial consists of a phosphoric salt con- 


Fra. 165 . — Eunice tibiana 
Pourt. : The 

branching tube 
with the worm ( 10 ) 
protruding its head 
through one of several 
openings. (From 
IShlers.) 


taining magnesia and a characteristic organic 
substance “ onuphin ” 2 ; in Spirographis, a 
Sabellid, the name “ spirographin ” is given to 
its special secretion, whilst in Serpulids the 
organic base of the calcareous tube is “ con- 
ch iolin.” 


The majority of worms are solitary, but there are a few 
instances of social worms — not that there is any co-operation 
or distribution of labour amongst the individuals, but they 
merely occur together in quantities; thus the sandy tubes of 
Sdbellaria may form compact masses of several cubic feet, which, 
left uncovered by the receding tide, look like rocks upon the 
shore; as, for instance, at Paignton and Torquay. Filigrana 
implexa and Serpida uncinata similarly intertwine their calcareous 
tubes to form masses. 


1 Watson, Joum . R. Mic. Soc. 1890, p. 685 ; see also Dalyell, loc. cit . ii. p. 195. 
. 9 Schmiedeberg, ML Zool. Slot. Ncapel , iii. 1882, p. 373. * 
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Whereas most worms live at the bottom of the sea, at various 
depths, a few are to be found at the surface. Purely pelagic 
habits are confined to a few families, viz. Tomopteridae, 
Typhloscolecidae, and the Alciopids and others amongst the 
Phyllodocidae ; though Nectochaeta , one of the Polynoidae, and 
Ophryotroclia , one of the Eunicidae, are modified for this mode 
of life . 1 Several genera become pelagic during the breeding 
season. All these forms are excellent swimmers, and many 
of them are transparent. 

The Colouring of Polychaetes. — The majority of Polychaetes 
quickly lose their colour in spirits, and become uniformly dull or 
light brown in museums. There are a few, however, which retain 
their brilliancy, like Aphrodite and Ckloeia , but in both cases the 
coloration is due to the beautiful hair-like bristles ranged along 
each side of the animal ; in the former the colours of the rain- 
bow flash from specimens which have been kept in spirit for any 
length of time. The Polynoids, too, with their golden elmetae 
and pigmented scales, retain to some extent their characteristic 
colouring. Put the colours of most Annelids are due to 
pigments in the skin, together with the haemoglobin of the 
blood, which are soluble, or otherwise changed, in alcohol ; for 
instance, the bright greenish-blue tint of the common Phyllodoce 
of our coasts is changed to a ricli chocolate brown ; but such 
cases are rare, most worms becoming more or less decolorised. 

The varied colouring in the Polychaetes, as in other animals, 
is due to a variety of causes. The red is in many cases due to 
haemoglobin of the vascular system showing through the trans- 
parent body ; the green of the tentacles of the Sabellids and 
Chlorhaemids is similarly due to chlorocruorin. In other cases 
the contents of the intestine or the tint of the coelomic fluid 
may affect the colour of the worm. In Capitella the coloured 
excretory products are retained in the skin ; in an Eunicid 
living in a yellow sponge, on which it feeds, the colour- 
ing matter is extracted and stored in the skin ; in the same 
kind of way green caterpillars may owe their tint to feeding on 
green leaves. But many of the Polychaetes possess distinct 
pigments in the skin; thus in Arenicola the dark pigment 

1 For pelagic forms, see Camille Viguier, Arch . dc Zool . Exptr . (ser. 2) iv. 1886, 
p. 347 ;„al8o Reibisch, Die pelag. Phyllodociden u. Typhloscoleciden d. Plankton 
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melanin lias been recognised ; in Cirratulus and Nereis certain 
lipochromes ; whilst Eulalia viridis contains a pigment allied 
to bonellein. These various pigments yield different absorption 
bands when a solution is examined with the spectroscope ; others, 
however, give no bands, but are distinguished by different chemical 
reactions. 1 The colour of the intestine of Chaetopterm has been 
stated to be due to “ modified chlorophyll,” but it is quite a 
different substance. 

When seen in the living and healthy condition, however, these 
Polychaete worms vie with the very butterflies in their brilliant 
and beautiful colourings, and though our own worms are not 
lacking in beauty, many tropical and southern forms exceed them 
in gayness of tint. Bright reds, orange, yellows, greens, blues, 
rich violets, and sombre browns are all displayed. 2 

The handsome Tercbella nebulosa of our own coasts is coloured 
bright red, sprinkled with white spots. Nicornache lumbricalis 
is pink, with red girdles. Eunicids are frequently red or brown, 
and the 1 x 3 d gills along each side, together with a brilliant 
iridescence, render these worms very beautiful. Nereids present 
a great range of coloration, from light green to sundry tints of 
brown and red in various combinations. Amongst the Serpulids 
our common 8. vennicularis is a very showy little worm, with its 
orange body, its red gills splashed witli orange, and its orange 
operculum streaked with red ; and a Southern form, Placostegus 
coeruleus , occurring^ at the Cape of Good Hope, is provided with 
beautiful lavender - 1 due gills. Our own Sabellids present ex- 
amples of beautiful markings on the gills, in different colours or 
in different shades of the same colour. Amongst Polynoids, P. 
leucohyba, from the Antilles, has blue elytra ; Hemiltpidia erytliro- 
taenia, a long worm from the Cape of Good Hope, has the 
anterior end of its body covered with light blue elytra, whilst 
the uncovered part is orange, with a broad magenta-red band 
along the dorsal surface. 

The Phyllodocids are mostly very brightly coloured. The 
common P. lamelligera of our coast has a bluish-green body, 
with olive-green parapodia ; but Lopadorhynchus erythrophyllum, 

1 Lankcster, Joum, Anat. and Physiol . 1868, p. 114 ; and 1870, p. 119 5 see also 
MacMunn, “On the Chroma tology of the Blood in some Invertebrates,” Quart. J. 
After* Sci . xxv. 1885, p. 469. 

3 For coloured pictures of worms consult Schmarda, “ Xeue wirbellose Thiere,” 2 nd 
part, 1861 ; Milne Edwards in Cuvier's “R 6 gne Annual” (Ed. Disciples de Cuvier)* 
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from .Jamaica, has a blue body with red para- 
podia ; whilst Nbtopliyllum myriacyclum 
lias a brown body with longitudinal dark- 
brown stripes and yellow parapodia. Both 
these worms live in coral reefs, where 
brilliancy of colour is one of the character- 
istic features of the fauna. Other worms 
are of various shades of green : the dark 
green Avenicola with red gills; the bri 
green Eulalia vivid is ; the deep green 
Amphinome smaraydina , from Jamaica ; 
OnatJtosyllis diplodonta , with its green and 
yellow body, serve as examples. 

Patterns or “ markings ” may be exem- 
plified by Lepidasthcnia elcyans (Fig. 156), 
and Myrianida fasc.iata, which has a bright 
red band 011 each segment (Fig. 149, p. 280). 
From this brief list of examples it will 
be seen that beautiful, and even brilliant, 
coloration is not confined to any particular 
mode of life; many of the most typically 
tubicolous forms, like the Terebellids and 
►Serpulids, are as brilliantly coloured as the 
most typically free-swimming genera, like 
the Phyllodocids. Carnivorous forms like 
Amphinoinids and Syllids present as wide 
a range of tint as the limivorous forms 
like Cirratuhis, Sabella, or Maldanids. 
Shore-lovers, and deep-sea dwellers, and 
surface - swimmers, all exhibit equally 
bright or equally sombre tints ; it is 
therefore difficult and rash to dogmatise 
on the “ use ” of these colourings to these 
animals, or to point to this worm as 
being protectively, to the other as being 
warningly, coloured ; for we are too ignorant 
as to the habits of the worma 

Protective and Mimetic Devices.— 
From the point of view of “ protection ’* in 
the evolutionist’s sense of the word, we can 



Fro. 156 . — Lepidastkeuia ekjans Gr., x 2, to illustrate colour-markings: the dark bauds in the anterior part of the body occupy two elytriferous, 
and the intermediate segments. In the hinder region, where the elytra are in every third segment, this one is dark. e/.12, The twelfth 
elytron. 
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say but little. Protective resemblance there is undoubtedly amongst 
the Polynoids, for the scales of these forms resemble more or 
less closely the stones or sand amongst which they live ; in the 
same species there is great variety in coloration. This protective 
habit is carried still further in the case of Psammolyce by the 
attachment of sand grains to little cups on the elytra, so that 
the back of the animal is concealed. Certain commensals, such as 
Poly noil arenicolae , P. jwntactes, are coloured so as to resemble their 
associates. In a few cases it is possible that the gills of Sabelli- 
formia are protectively coloured : for in Sahel! a pavonia they vary 
from a light yellowish tint to a deep violet-brown, and the dark 
markings on them are therefore more or less distinct. Spread 
out as the gills are in life, they are in many cases difficult to 
recognise ; it is rather their movement as they are withdrawn 
that attracts one’s attention to them, as the tubes of these 
worms frequently serve for the attachment of brownish seaweeds, 
to which the gills bear resemblance. Hut, as a matter of fact, 
little work has been done in this direction, and speculation on 
the matter without evidence is worthless. Many pelagic forms, 
being transparent, such as Tomopteris and Alciopids, are no doubt 
protected by their lack of colour : yet these forms present 
brightly -coloured spots, — the light -producing organs in the 
parapodia of the former, and the large dark eyes of the latter. 

Semper 1 mentions a case of possible mimicry in a species of 
Myxicola which lives in the clefts of a coral, Cladocora . The 
branchial funnel, when expanded, resembles very closely the 
expanded coral in size, colour, etc. ; but he points out that the 
species occurs in other situations, where its colouring is not pro- 
tective. Probably the “ mimicry ” is in other instances merely 
accidental. 

No doubt many Polychaetes may be “ warningly coloured,” but 
experimental evidence is incomplete. Polycirrus aurantiacus is 
bright red, with orange tentacles ; these worms were rejected by 
certain fish . 2 The animal has given up living in tubes as all its 
allies do, and it is the tentacles which appear to be distasteful 
to its enemies, for when irritated it coils itself up and wraps 

1 Semper, Animal Life , “ Internat. Sci. Series,” 1881, p. 401. 

a The experiments were made by Mr. Garstang at the Laboratory of the Marine 
Hiological Association, and are recorded by Poulton in The Colours of Animals , 
41 Internat. Sci. Series,” 1890, p. 201. 
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itself round with its tentacles. Moreover, when the tentacles 
were cut off the fish did not reject the body of the worm. The 
tentacles are thus coloured in such a way that fish recognise 
them, and associate with the colour some distasteful property. 

Phosphorescence. — Many worms of very different habits 
have the power of emitting a light from some parts of the body, 
and they are then said to be “ phosphorescent.” 1 l'robably 
Chaetopterus is most eminently photogenic ; the base of the great 
“ wings,” the “ fans,” and other parts emit, on stimulation, an azure 



Fig. 157. — Chaetopterus raviopetlatus Ren. x J. On the left the entire animal, with 
the three regions A, B, C. c , Peristomial cirrus ; d, “ sucker ” ; e, the great 
“wings”;/, “fan”; vt, mouth. On the right the animal is represented in the 
dark, under stimulation, so as to exhibit the phosphorescent portions of the body. 
(From Panceri.) 


blue to greenish light, so bright that one may read one's watch 
by it. Several species of Pofyrwe exhibit a similar phenomenon, 
each elytron, with the exception of the area of attachment, being 
brilliantly illuminated. In these species the phosphorescent 
elytra are frequently thrown off by the animal, so that possibly 
they deceive enemies. Poly cirrus uurantiucus produces a beautiful 
violet phosphorescence; usually its many tentacles alone show 
the light, hut under strong stimulation the entire body takes 
1 Panceri, Atti Acad . Sci. Napoli , vii. 1875. 
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part in the display, and no doubt the phosphorescence has, like 
the colour, a “ warning ” purpose. 

The production of the light in these various forms is apparently 
due to two different processes. In some cases, e.y. Ch aetopterus, 
Syllids, Terebellids, it appears to be due to the oxidation of 
certain cell contents which are discharged more or less freely on 
irritation of the nerves ; whilst in Polynoids the phenomenon 
is due to some purely nervous process, for the elytra have no 
glands, but are provided with ganglia and a nervous network. 

In other worms, however, there are definite light-producing 
organs. In Tomoptcris there is on each parapodium, above and 
below, a brightly-coloured spherical organ, which for a long time 
was regarded as an eye, but from its structure appears to be 
a “ photogen ” (Fig. 107, p. 315). The same is very likely tin? 
true explanation of the segmental “eyes” o f Pohjn ph tha Imv s, for 
their structure recalls that of the light-organs of deep-sea fishes. 

As many of the phosphorescent Polynoids are commensals, 
while Cliactopterns inhabits tubes, and close allies of other 
phosphorescent worms have no power of emitting light, it is 
impossible to apply the same explanation of its purpose to 
all cases alike; in some it may be “accidental,” though in others 
it may be of definite use in warning enemies or in attracting 
prey. 

The Food of. Worms. — The Nereidiformia are mostly carni- 
vorous, and feed 'on small Crustacea, Mollusca, sponges, and 
other animals ; and Polynoids are even said to eat one another. 
Many worms do not disdain various seaweeds, whilst the Spioni- 
formia and Scoleciformia, which burrow in mud and sand, and are 
without biting organs, swallow the mud and digest what animal 
or vegetable debris it may contain. The Terebellids and Crypto- 
cepliala depend on minute organisms which may he driven into 
the mouth by the action of the cilia of the gills or tentacles. 

In the ease of deep-sea forms, it is an interesting fact that 
the intestines are not unfrequently crammed with Iiadiolaria 
and Foraminifera in a fairly fresh, uninjured condition, indicating 
that these Rhizopods do not merely sink to the bottom, but must 
actually live there. 1 

The economic purposes to which Polychaetes are put are 
few ; they are used either as bait for fishes or as food for man. 

1 M‘ In tosh, II.M.S. “Challenger” Reports, “ Polyehaeta,” vol. xii. p. ix. 
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One of the commonest baits used for certain Jish, as all who 
have done any sea-fishing off the piers of our coasts know, is the 
common lug-worm (Arrnicvla marina ), whilst Nrjdtthys caeca and 
Nereis fucata are also used in some places; and for whiting 4 
Nereis cultrifera and N dicersicolor. J farphysa srnigtt hi ea % 

known to the fishermen in some parts as “varme,” is* less fre-. 
quently used. 

A peculiar worm — Palolo viridis — is used as food by the 
natives of Samoa and Fiji. The worm is similar to our Eunicid 
Lysidice ninettu , and lives in fissures among corals on the reels, 
at a depth of about two fathoms. At certain days in October 
and November they leave the reefs and swim to the shores of 
the above islands, probably to spawn ; and this occurs on tw r o 
days in each of the above months — the day on which the moon 
is in her last quarter, and the day before. The natives, who call 
the worm “ Mbalolo,” give the name “Mbalolo lailai ” (little) to 
October, and “Mbalolo levu” (large) to November, thereby in- 
dicating the relative abundance of the worms in these two 
months. The natives eat them either alive or baked, tied up in 
leaves ; and they are esteemed so great a delicacy that presents 
of them are stmt by the chiefs who live on shore to those living- 
inland. A dark green-blue Phyllodocid, which is called “ A'oon,” 
occurs in abundance off Mota island, amongst the New Hebrides, 
has similar habits, and is also eaten. 1 

Associated Worms. — A considerable number of worms live in 
association with other animals, either as commensals or as para- 
sites, and it is not in every case possible to decide in what relation 
the two animals stand. Lahro rostral us parasitic'iis, a Eunicid, is 
parasitic in the body-cavity of Odontosyl! is ctcnostomat.ns (Fig. 
I08); such an association between two members of the same 
group of. animals is peculiar; but still more exceptional is the 
occurrence of Haematoeleptes tcrebeliides , as a parasite in Marphysa 
sanguined, for both parasite and host are members of the same 
family, the Eunicidae. Another Eunicid, Oliyognuthus bond line, 
occurs in the body-cavity of the Gephyrean Bonellm. 

The Polynoid Acholoe astericola and the 1 lesion id Ophio- 
dromus Jiexuosus occur as ectoparasites (or perhaps commensals) 
in the ambulacral grooves of the starfish Astro pcctcn aurantiaevs . 
A11 Amphinomid is stated to live in the branchial chamber of 
1 For an account of these worms see M‘Intosli, lot. cit. p. *257. 
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the barnacle, Lcpas anatifera. Alc-iopinn parasitica lives, during 
the early stages of its life-history, within Cydippe , and it is possible 
« that most of the Alciopids thus make use 

V I y °i Ctenophores as their nurseries. 

sJ .A considerable number of the Polynoids 

are ectoparasitie : P. castanea lodges in the 
peri-oral region of Spatanyus purpureas, and 
in the ambulacral grooves of Astropecten ; P. 
( Ifalosydna ) bairdi lives between the mantle 
and foot of the mollusc Fissurella cratitia ; P. 
I§ 1 b pmtacles is found on the body of the JIolo- 
thurian Cucumaria pentactes, and appears to 
/SSF he protectively coloured. 1 \ ( Antinoe ) para - 
silica lives under the elytra of another 
jfey Polynoid, and P. acanellae on the coral 

Aca e/la nnrmani} 

g As con mien s^ils there may be mentioned 

® Nereis fueata, which lives in the upper coil 

/ \ of whelk-shells which are inhabited by a 

' hermit crab. The same shell usually bears 
ith «• particular sea -anemone, so that there are 
(A) LabnvroHtratus three animals living together in or upon the 
body^cuvity. *" The «wt-off house of a fourth. SLphonostoma is 

parapodin ami cirri found in the “ nests ” made hy the mol 111 st- 
are omitted from the - r . . ^ . . , « 

greater part of the Eirrw. A Eunice is constantly associated 
Jol-e di ) {A xT St with the coral Lophohelia pro/ if era, amongst 
the branches of which the worm twines its 
tube ; whilst another Polycliaete inhabits a tube formed by the 
interweaving of the fine branches of the coral Antipathes filix? 
found in the West Indian seas. A species of Po/ydora forms its 
tube in Hrfiopora . The Polynoids present many instances of com- 
mensalism, a few of which may be here mentioned. P. johnstoni 
Marenz. is only found in the tubes of Terebella nebulosa ; other 
species occur in the tubes of other Terebellids. P. marphysae 
lives in tubes of the Eunicid Marphysa sanyuinea, Two species 
live in the tubes of Cliaetopterus . P. ertenuata has been found 
in tubes of Scrpu/a vermicular is, while P. arenicolae occurs on 


1 For a list of ]>arasitic Polychaetes see St. Joseph, Ann. 8ci. Nat . (ser. 7) v. 1888, 
p. 141. 

2 Semper, Toe. cit. p. 340. 
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the body of the common lug-worm, with the colouring of which 
it closely harmonises. 

Worms as Hosts. — The Polychaeta serve not only as food 
for fishes, Crustacea, and other predatory animals of larger 
size, but are also liable to be the hosts of parasites 1 such as 
Gregarines, and even, as we have seen, of other members of 
their own group. Sundry ectoparasitic Copepoda have been 
found attached to worms between the parapodia or to the sides 
of the feet, and an unnamed Copepod occurs attached, sometimes 
in considerable numbers, to the sides of Nereis mltrifc.ru. The 
Polychaeta also act as protectors to other animals, for on the 
under surface of elytra of sundry Polynoids may very frequently 
be found specimens of Boxosoma , which may also be attached to 
gills of Eunicids; whilst below those of Aphrodite echidna and 
Hermadion pellucid am , Pedicellina belgica occurs. Under the 
felt of A. acideata the Sabellid Branchiomma vigil an s forms its 
tube, and Yorti cell ids may l>e found on cliaetae, gills, or other 
parts of the body of sundry worms. 

Distribution. — Very little can be said in a brief way of the 
geographical distribution of these worms, for many of the genera 
are cosmopolitan, although only a few species occur in all the 
great oceans, e.g. Polynoe imbricata , Hyalinoecia tnbiro/a , Arrive 
(< Scoleeolepis ) circa ta, and Terebellides st roc-mi . 

As for species, it can be said generally that the different 
oceanic areas and even different coasts present different species, 
but we know practically nothing of variation amongst Polychaeta, 
and many so called species may be mere local varieties, for 
frequently the descriptions of “ new species ” are scarcely intel- 
ligible. At any rate we know that certain species occur at 
widely separated localities, for two or three species of Polynoids 
occur in Japan, and again at Dinard on the French coast. A 
considerable number of species are common to both sides of the 
North Atlantic ocean, having been obtained off Norway and 
in the Gulf of the St. Lawrence. A few of these which are 
common on our coasts may be enumerated : — Nereis pelagica , 
Nicomachc lumbricalis, Glycera capitata , Thelepus cLncinnatus, 
Scoloplos armiger , Sabella pavonia, Ophelia limacina , Aphrodite 
aculeata, Trophonia jdumosa, Polynoe squamata , Ca pit el I a capi- 
tata , Sthenelais limi-cola . 

1 See “Challenger Reports,” and St. Joseph, loc . cit. 
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As lor bath;/ metrical distribution, 1 many genera occur at all 
depths, though Polychaetes appear to 1 ms most abundant, as far as 
we know at present, in " shallow water ” — that is, down to twenty 
fathoms or so; but this may be due to the greater facility of 
collection on shore and in these slight depths, for the “ Challenger ” 
obtained considerable numbers of new species at greater depths. 

The “ deep-sea ” forms are chiefly tubicolous, and since these 
tubes are fixed and partially embedded in the bottom, probably 
comparatively few are brought up. Some genera occur at very 
great depths ; thus the Terebellid Lraena ahyssoruin and the 
Serpulid PI acostry us bcnthalianus were brought up from 3125 
fathoms — the greatest depth from which Polychaetes were 
obtained by II.M.S. “ Challenger ” ; and it is interesting to note? 
that species of each of these two genera occur in shallow water, 
the Serpulid being represented in our own coast fauna by P. 
triruspidata. 

Amongst our own fauna, a few examples may be given of the 
“ replacement of species.” - The littoral tit hr /trials boa is repre- 
sented by iim/imla in deeper water; Sabrllaria alveola ta by 
S. spinutosa; Poly nae imbrieala by several deep-water species. 
Similarly with genera : the littoral J*n nut toreros is replaced by 
tier pula, in deeper water: and the lfesionid Psamathr by Cast alia. 

The limitation of species to certain regions, or to certain 
depths of an ocean, may appear at first sight peculiar, in view 
of the unrestricted '.communication between all its parts ; but 
Chore arc as efficient “ barriers ” there as on Lmd, for generally 
a particular worm can live only in a certain temperature and at 
a certain pressure, and is dependent for its food on particular 
organisms, which in their turn depend on the depth and its 
accompaniments. It -is, in fact, so much the more peculiar that 
certain species are more or less cosmopolitan, or occur at widely 
distant points. It is less peculiar, of course, to find different 
species of the same genus at different depths or in different areas, 
for any slight variation in a species advantageous to new con- 
ditions would readily be fixed, and give rise to a new species. 

The distribution of the Polychaeta depends probably on the 
pelagic larvae, which are carried by currents from one part of an 
ocean to another. There can be little doubt that many Poly- 

1 <f Challenger ” Reports, toe. cU . p. xxx. 

2 See llorneil, Fauna of Liverjwol Bay, Report III. 1892, p. 126. 
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ehaetes are very “ plastic,” and can adapt themselves to changed 
conditions of life with (considerable ease; for jYrrris diversicolor, 
Arenieola marina , and others live equally well in water of very 
different densities, and with a different food supply. Tlu* great 
variety in the “ habitats,” and presumably therefore in their food 
supply, etc., exhibited by many Polyclmetes, as well as the great 
variation observable in some species 
of Polynoina, and the close affinity 
of the species and genera of this 
sub-family, lead us to the same con- 
clusion. 

Extinct Polychaetes. — The most 
numerous fossil records of the Poly- 
chaetes are calcareous tubes of vari- 
ous shapes and sizes ; they are 
irregularly or spirally curved, and are 
very usually attached at one end, or 
by one surface, to stones or to fossils. 

These tubes belong to the Sta’pu- 
lidae, and are referred to the genera 
Serpula, S/rirorhis, Difnqnt, and 
others. 1 

tS tyrirorbis is the oldest unequiv- 
ocal representative of the Poly- 
chaetes, as its tubes are found more 
or less abundantly in the Silurian 
and other Palaeozoic strata. In 
Palaeozoic times Serjnda was rare, as 
it was too in the Trias and Lias, but 
in the Jurassic strata it becomes abun- 
dant. In the chalk, & socialis may 
occur in masses like S. uncinata of 
the present day, forming “ Serpulito 
chalk.” In the older tertiaries the 159 .—Eunic,ite* amtm EM. A 

. . . . a • 1 fossil worm from the lithographic 

genus is represented by bpirulaea. >slatc of soienhofen : the jaws are 

Terebella lavilloides occurs in the *“ th « 

_. _ - along each side, (rrom hlilers.) 

Lias as a cylindrical, more or less Natural size, 
curved tube of sand-grains. 

Amongst the Kereidiformia the remains are fewer, but the 
1 Zittel, Handbwh d. Palaeontologi <: ( Palaeozoologic ), i. 1876-80, p. 562. 
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acicula Hud the hard jaws are preserved in certain rocks, and 
can be referred to existing families. Eunicites avitus 1 is repre- 
sented by a double series of acicula, indicating the parapodia of 
the two sides ; and by remains of both upper and lower jaws (Fig. 
159). Four different species of the worm have been described 
from the lithographic slate of Bavaria, of Jurassic age : and 
several upper jaws of other Eunicids have been discovered in 
the Palaeozoic beds of Canada and Scotland, and have received 
the names Lumbriconereites, Oenonites, and Arabellites, in reference 
to their nearest allies amongst living genera. 

There are, however, numerous remains, in the forms of tracks 
or casts, in the earlier rocks, which have been referred to the 
Polychaeta. The names Crossopodia , Myrianites , Nereites , Phylio - 
docilcs, have been given to some of these traces, though they are 
open to numerous other interpretations. Some of the “ tracks ” 
are similar to those made by living Crustacea in walking 
over wet sand ; others appear to be the casts of some animals. 
Tubular burrows in rocks or fossils, some straight, others 
U-shaped, have received such names as Arenicolites , Scolithus , 
If ist/io derma ; whilst under the name Lumbricaria certain cylin- 
drical, coiled structures, resembling worm “castings,” are met 
with in this same lithographic stone of Solenhofen. Many of the 
tubes referred to Polychaetes by the earlier palaeontologists have 
been transferred to other groups : thus Cornulites is now believed 
to be a Pteropod shell. 

This very meagre geological record is quite insufficient to 
form any basis for a phylogeny of the group. And this 
poor supply of remains is not surprising, when we consider the 
soft nature of the tissues, the absence, in the majority of families, 
of skeleton and of other parts which could have been fossilised; 
yet we might have expected a greater abundance of fossilised 
jaws than is represented at present. But it must be borne in 
mind that the conditions of life of these soft-bodied animals are 
not conducive to their leaving abundant fossilised remains. 

1 Elders, Zcitschr. /. wins. Zool . xviii. 1868, p. 241. 



CHAPTER XII 

CHARACTERS OF THE SUB-ORDERS OF POLYOIIAETES CHARACTERS 

OF THE FAMILIES DESCRIPTION OF BRITISH C.ENKRA AND 

SPECIES TI l K M YZOSTOM AIHA. 

Systematic. — The Order Polychaeta may he divided into two 
branches, in one of which, the Phaneroceimiala, the prostomiuni 
retains its ancestral condition as a lobe overhanging the mouth, 
and frequently carries, in addition to paired eyes, certain sensory 
processes of a simple structure, the tentacles and palps : the body- 
segments are more or less alike, and (except in some Spioni- 
formia, some of the Terebelliformia, and the 1 , Capitelliformia) do 
not present two sharply marked regions, owing to the differential 
arrangement or character of the cliaetae. In the second branch, 
the C ry ptoceph ala, the peristomium grows forwards during 
development, so as to compress or even hide the prostomiuni, 
which thus becomes a very insignificant organ. The tentacles 
are reduced, but the palps become greatly developed and take 
on sundry new functions. The body in this group, by the 
character and arrangement of the chaetae, is distinguishable into 
a thorax and abdomen, presenting certain internal differences. 

These two branches may be supposed to have arisen from a 
common ancestor having a general resemblance to a nereidiform 
worm, such as Syllis , possessing palps and tentacles on the pro- 
stomium, definite parapodia and cirri on the body, and internally, 
a well-marked and regular repetition of organs. 

The branch Phaneuocephala contains the following five Sub- 
Orders, though it is possible that the Capitelliformia deserves a 
more important position in the system : : — 

Sub-Order 1 . — The Nereidiformia have well -developed ten- 
tacles and palps ; the peristomium almost invariably possesses 
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special cirri ; the parapodia are well-marked locomotor organs, 
supported by acicula, and carry dorsal and ventral cirri. The 
chaetae arc ‘ usually jointed, though unjointed ones may coexist 
with these ; uncini are nev§r present. 'An eversible buccal region 
leads into a muscular pharynx, which in the majority is armed 
with chitinous jaws ; the septa and nephridia are regularly 
repeated throughout the body. The worms lead a predaceous life, 
and are mostly carnivorous ; a few form tubes. 

Sub-Okdkk 2. — The Spionif ormia possess neither tentacles 
nor palps; the peristomium usually carries a pair of long 
tentacular cirri, and extends forwards at the sides of the pro- 
stomium. The parapodia project only to a slight degree ; the 
dorsal cirri may attain a considerable size, and act as gills 
throughout the greater part of the body. The chaetae are 
unjoin ted ; uncini are only present in the aberrant Chcie top term s. 1 
The body may present two regions more or less distinctly marked 
externally, but without corresponding internal differences. The 
buccal region may be eversible, but there are no jaws. Septa 
and nephridia are regularly developed. The worms are borrowers, 
or tubicolous. 

Suh-Ohder 3. Terebellif ormia . — The prostomium is a more or 
less prominent lobe (upper lip) with or without tentacles but 
without palps. The peristomium may carry cirri or “ tentacular 
filaments.” 2 The parapodia are feebly developed ; there are no 
ventral cirri ; the dorsal cirri may exist and function as gills 
on more or fewer of the anterior segments. The chaetae are 
unjointed, and uncini are usually present. The buccal region 
is not eversible ; there are no jaws. The septa are usually 
incomplete, with the exception of one strongly-developed “ dia- 
phragm ” anteriorly ; the nephridia are dimorphic, those of the 
anterior (prediaphraginatic) segments are of large size and are 
excretory ; the posterior series are mere funnels, and act as 
genital ducts. These worms are burrowers or tube-formers, and in 
the majority the tube-forming glands are grouped on the ventral 
surface of the anterior segments to form “ gland-sliields.” 

1 The Chaetopteridae may have to be placed elsewhere in the system, as they are 
peculiarly modified, and present features recalling the Cryptocephala, from which 
it is possible they have, descended. 

2 Meyer {ML Zool. St at. Ncapcl , vii. 1887, p. 669, note) suggests that the 
tentacular filaments of Cirratulids are really prostomial, but have shifted back on 
to the peristomium, or even farther. 
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Sub-Ordeu 4 . — The CapiteMiformia have 110 prostomial pro- 
cesses, but possess a pair of large retractile “ ciliated organs.” The 
parapodia do not project ; the chaetae are unjoin ted, and are 
liair-like in the anterior segments and hooded “ crotchets ” 
posteriorly; this external division of the body does not corre- 
spond with definite internal differences. There .are no cirri, though 
special “ gills,” often retractile, are frequently present. The buccal 
region is eversible ; there is no armed pharynx. A 11 “ accessory 
gut ” or “ siphon ” exists. The nepliridia are small, and sometimes 
more than one pair in a segment ; special genital funnels exist 
in more or fewer of the anterior segments of the hind body. 
There is no system of .blood-vessels ; the coelomic corpuscles are 
red. The worms are borrowers. 

Sub - Order 5. — -The Sc oleeif omnia possess a prostomium, 
which rarely (Ohlorhaemidae) carries any sensory processes ; the 
peristomium is without cirri (except, perhaps, in the Ohlorhae- 
midae). The parapodia are ill developed, and may be absent ; 
only rarely are dorsal cirri present, acting as gills ; ventral cirri 
are absent. The chaetae are unjointed ; true uncini are not 
present. The buccal region is eversible, but there is no armed 
pharynx. The septa are not regularly developed, as more or 
fewer are absent, and the nepliridia are considerably reduced in 
number, it may be to a single pair (Sternaspidae and some 
Chlbrhaemidae), but they are all alike. 1 The worms are mostly 
burrowers. 

The branch CRYrTOCEFHALA contains two sub-Orders : — 

Sub-Order 1. Sabellif omnia . — The prostomium is entirely 
hidden by the forward extension of the peristomium ; the ten- 
tacles are very small, being frequently represented merely by 
small knobs of sense-cells ; the palps, on the other hand, are 
greatly developed, branched, and contain blood-vessels, acting as 
respiratory as well as sensory organs. The peristomiuni never 
carries cirri or chaetae, and it is usually raised up into a pro- 
jecting collar, used in fashioning the lip of the animal's tube. 
The parapodia are but feebly developed ; cirri arc absent, except 
in the Serpulidae, where the dorsal and ventral cirri become united 
to form the " thoracic membrane ” (Meyer). The chaetae are 
of two kinds— unjointed, hair-like, fringed bristles and “ uncini.” 

1 It is probable that the genital ducts of Stcnutspis and Chlorliaemids are modified 
uephririia. 
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By their arrangement the body is divided into a thorax of nine 
segments and an abdomen ; in the former the capillary cliaetae 
are dorsal, and in the latter ventral. The buccal region is not 
eversible ; there is no pharynx. The septa are regularly developed 
in the abdomen, but are absent in the thorax ; the nephridia are 
dimorphic ; there are two large ones in the thorax opening by a 
median dorsal pore just above the brain ; those of the abdomen 
are small funnels, and act as genital ducts. The worms are 
tubieolous ; “ gland-shields ” are present on the thoracic segments. 

Sub-Order 2. He/nnelliformia . — The peristomium (Fig. 135) is 
enormously developed, and forms a bilobed hood capable of closing 
over the mouth ; the truncated free end of each lobe carries three 
semicircles of peculiar chaetae, which act as an efficient protec- 
tion when the worm is withdrawn into its tube. The prostomium 
is very small, but retains a pair of well-developed tentacles; the 
palps, which are subdivided as in the Sabelliformia, have become 
fused with the ventral edges of the peristomium, and appear as a 
series of ridges on each side, carrying numerous filaments. The 
thorax consists of five segments, the noto podia of three of which 
are well developed and bear strong chaetae ; dorsal cirri are 
present along the greater part of the body, and act as gills. The 
arrangement of the chaetae and of the internal organs is as in the 
Sabelliformia. The worms form tubes of sand. 


BRANCH A. PlIANEROCEPHALA. 

Sub-Order 1. Nereidiformia. 1 

Fam. 1. Syllidae . — These are small worms, the majority being 
less than an inch long, so that they are not easily observed. 

1 The character of head and parapodium in eacli family will be gathered from the 
figures accompanying the general description in Chap. X., so that detailed descrip- 
tion is unnecessary. In all cases the chaetae form valuable specific characters. 

The examples of the various families are British, unless the opposite is expressly 
stated ; but most of them are not confined to our shores, and the foreign locali- 
ties are usually given. No attempt is made to enumerate all the British species. 

The following books may be found useful for identifying the worms : — 

Clapar&de, Recherches anal . sur lea AnrUlidcs observes dans les Hebrides , 1861 ; 

Anntlides Chdtopodcs dn golfe de Naples , 1868, and Suppl., 1870. 

Cunningham and Ramage, “ Polychaeta Sedan taria of the Firth of Forth,” Trans. 

Roy . Roc. Edinburgh, xxxiii. 1888, p. 635. 
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The body consists of a fair number of segments. 1 In many 
genera a dorsal bundle of unjointed, natatory chaetao makes its 
appearance at maturity. The palps, which are grooved, are in 
some cases so united with one another and with the prostomium as 
to be scarcely recognisable. (For head see p. 2G2, and for feet 
see p. 264.) The pharynx is armed with one or more teeth. 
There is a special gizzard, following the pharynx, and provided 
with thick, muscular walls of peculiar structure. Following the 
gizzard, the oesophagus receives in many genera a pair of 
T-shaped diverticula, that are used for storing water, which is 
swallowed with food. These diverticula are absent in Autolytus 
and other free - swimming forms. The reproduction of the 
members of this family is interesting, and has already been 
described (p. 278). 



Fig. 160. -St/? I is annillaris Mull, x 2. (From Johnston.) The head is towards 

the right. 


Syllis . — The tentacles and cirri are moniliform ; the palps 
large ; there is a single dorsal tooth, which is provided with a 
poison gland, the duct of which opens near its apex ; it is used 
rather for stabbing its prey than for grasping and tearing. 8. 
krohnii Ehlers, is abundant under stones, and forms tubes of 
sand; it is nearly an inch long, and consists of some eighty- 
five to ninety -five segments marked with yellow bands. It 
may readily be identified by longer dorsal cirri, terminally 
dilated, alternating with shorter ones. 8. cornuta Eathke, has a 
translucent green body, about half an inch long ; no alternation 


Ehlers, Die Borstcnwurmer , 1868. 

Johnston, “British Museum Catalogue of Non-Parasitical Worms,” 1865. 

M‘ In tosh, “British Annelida,” Trans . Zool. Soc. ix. 1877, p. 371 ; “Invert. Marine 
Fauna of St. Andrews; Annelida,” Ann. Mag . Nat. Hist. (4) xiv. 1874, p. 144. 
Malmgren, “Nordiska Hafs-Annulater,” Ofversigt af K. Vet.-Akad. Forhaadlingar % 
1865, pp. 51, 181, 355 ; and “ Annulata Polychaeta,” ibid . 1867, p. 127. 

St. Joseph, “ Lea Annelides Polychetcs des cdtes de Dinard, ” Ann. Sci. Nat. (Zool. ) 
(7) vol. i. 1886, p. 127 ; v. 1888, p. 141 ; xvii. 1894, p. 1 ; xx. 1895, p. 185. 

1 Malaquin, Rceherehes snr lea Syllidiens , 1893 ; for structure of the gizzard, see 
also Haswcll, Quart . J. Micr. Sci. xxvi. 1886, p. 471 ; and xxx. 1889, p. 31. 
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of cirri. Mediterranean, Atlantic, on the Norwegian coast, off 
Spitzbergen, and 011 tlic Madeira coast. 8. armil laris Mull. is 
Very common at low water ; it is pale yellowish-brown, with a 
couple of dusky marks on each segment ; and measures 2 inches. 
The dorsal cirri are quite short, consisting of only eight to ten 
joints. I 11 Pionosyllis the tentacles and cirri are not inonili- 
forin ; a single dorsal tooth. P. midmgreni MT. under stones. 
SphacrosyUis. — The dorsal cirri are swollen at the base, and 
are not moniliform ; the long palps are fused along nearly their 
whole extent. 8. hystrix Clap, is only about one-eighth of an 
inch in length. Exogenic Oerst. Grubea Qfg. 

Autolytus. — The small palps are entirely fused with the 
prostomium; the pharynx, which is bent upon itself, is armed 
with a circle of denticles. Dorsal cirri somewhat foliaceous. 
There are no ventral cirri. The male and female differ from one 
another and from the asexual “ stock ” (see p. 270). A. pic tus 
Ehl. is abundant under stones. It measures about two-thirds of 
an inch in length, is darkly coloured with a median lighter band; 
the anterior dorsal cirri are long. A. prolifer Mull, is common. 

Myrianida fasciata Milne Edwards, with its foliaceous cirri, 
occurs off our coasts (see Fig. 140, p. 280). Atlantic, Mediter- 
ranean. 

Fam. 2. Hcsionidar . — The body is relatively short, with only 
a few segments (sixteen to fifty, according to the genus) ; in the 
larger forms it is' cylindrical. The parapodium is usually uni- 
ramous ; the dorsal cirri are long and multiarticulate ; the chaetae 
are jointed. The prostomium carries, in addition to four eyes, 
two or three tentacles, and generally a pair of jointed palps. 
The peristomium and two or more of the following segments 
are achaetous, and carry long “ peristomial ” cirri. The pharynx 
is very long but unarmed. 

Psamathe Johnston, has many segments; head with two ten- 
tacles and a pair of three-jointed palps. P. fit sea Jnstn. occurs 
amongst coralline Algae, to which it bears some resemblance, 
which is heightened by the moniliform cirri. It is a small worm, 
Jess than an inch in length. Mediterranean. Castalia punctata 
Mull, is dirty green or brownish, with a narrow purplish band on 
each side. It occurs in deeper water than the preceding. I 11 
Ophiodromus the head has three tentacles ; the palps are two- 
jointed ; there are six pairs of peristomial cirri ; the parapodia 
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arc biramous. 0. v it tat us Sara is dredged in numbers off the 
Scotch coast, and is found also at low tides. It measures 2 
inches in length. A closely allied species lives in the ambulacra! 
grooves of the starfish Astropce.tcn. 

r AM. 3. Aphroditidae? — The most characteristic feature of 
this family, and one by which its members are absolutely distin- 
guished from all other Chaetopods, is the possession of scales or 
“ elytra ” on the back. These flattened dorsal cirri are of a some- 
what horny texture, and are carried, generally, on alternate, 
segments of the body ; filamentous cirri occurring on the other 
segments. In the sub-families Hcnnionina and Polynoina the 
elytriferous segments are 2, 4, 5, 7, 9, etc., up 
to 23 ; then every third segment. The 
worms are usually short, with some thirty- 
five to forty-five segments, though Sthinelai* 
and a few others have many more. (For head 
see p. 202, and for parapodium see pp. 2 0 T> , 

208.) The pharynx is very thick walled, and 
furnished with two pairs of jaws, which are, 
however, not hardened in the sub-family 
Jfermionimt. The intestine is provided with 
a number of paired longer or shorter caeca 
(Fig. 142). A considerable number of this 
family are commensal or parasitic (see p. 

297). The family is well represented on 
our own coasts, so that only a few (if the 
more readily distinguishable species can lx*, 
here described. 

Sub- Fain. 1. Poiynoina. — Body flattened, 
with nearly parallel sides, usually short, 
more rarely worm-like ; three tentacles; peristomium with long 
dorsal and ventral cirri; the ventral cirri of the next segment 
are also elongated. Jaws are present. Elytra, usually twelve 
to eighteen pairs, the surface of which is more or less papillose, 
and may be “ fringed ” along the outer border, with long processes. 
The colouring of the elytra is characteristic in most cases, though 
liable to considerable variation in some species. The chaetae 
are generally strong, and of bright golden colour : they are all 
unjointed. The Polynoina are generally but feeble swimmers, 

1 See M‘Intosh’8 Memoirs, luc. cit. 



Fio. 161. /W//nw squa- 
ma t a L. Nut. size. 
Notopodiul eirruM ; e % 
elytron ;/,puru,pn<liuin ; 
/>, pulp ; t A tentacle. 
( From Johnston. ) 
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and are mostly found under stones at low tide. Some species 
have a very wide geographical range. 

Polynoe} — The body is short ; none *or only a few segments 
at the end of the body are uncovered by the elytra, except in 
the long body of P. johnstoni. 

A. With twelve pairs of elytra. — In P. squamata Linn, the 

elytra entirely cover the, 
body and conceal the 
head, each elytron over- 
lapping the next poste- 
rior one, and those of the 
two sides overlapping, 
General colour sandy- 
brown, speckled, lighter 
or darker. The fringed 
elytra are very firmly 
fixed to the body. The 
notopodial chaetae 
scarcely project from 
below the elytra. The 
worm is common between tide-marks and in the coralline region, 
is about one to one and a half inches in length, and about one- 
third of an inch in width. Atlantic. P. clava Montagu, may 
attain a larger size, though it is generally smaller. The elytra 
are dark, usually grey, mottled with white or light grey, un- 
fringed, and do not overlap to so great an extent as in P. squa- 
mala , so that the middle of the back and the hinder part of the 
body is more or less exposed. This is never the case in the pre- 
ceding species, but even here it is subject to variation in extent, 
depending on the amount of food contained by the worm or on 
the ripeness of the genital products. It occurs in the Mediter- 
ranean . 1 2 


. 162. -Elytra, A, of Polynoe squamata L. ; B, of 
/*. riant Mont. x 10. a, Area of attachment ; 
c, external margin ; J\ fringe (the letter is at the 
posterior side of the elytron) ; /, internal margin. 
(From Bourne.) 


B. With fifteen pairs of elytra. — P. imhricata L. is probably 
the commonest species of the genus, occurring nearly every- 
where under stones at low tide. It is about an inch in length ; 
the elytra are deciduous, and are very variously coloured and 
marked; sometimes uniformly grey or even black, sometime^ 


1 Herein are included the various genera formed by Kinberg, Malmgren, and 
others. 

- It appears to be the same as P. grubiana Clap. 
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mottled with brown: in other specimens each elytron has its 
outer half pale or white, while its inner half is darker, usually 
some tint of brown or olive green, so that the worm appears 
to have a dark band along the middle of its back. Other 
patterns occur. The body is entirely covered by the el y tin. The 
cliaetae project considerably, and are nearly as long as half the 
width of the body; those of the notopodium are brown and are 
directed upwards, being nearly as long as the 
golden neuropodial cliaetae. This species has a /JA 
very wide range, occurring on both sides of the 
Atlantic, even on the shores of Nova Zambia, 
and reappearing again at Japan. J\ semi- c 

scvlptus Leach is rather larger than the fore- -f 

going. The elytra are very readily detached: Fla 163 . -Ely iron of 
they are light in colour, without a fringe, but Pohjm# /wM- 

with Luge papillae near the margin. The amliimu-nt' ^ to 

notopodial cliaetae are thicker than those of the lM, dy : «\ 
neuropodium. Several other species are also bonier.* ' 1111 
common, but P. johnstoni v. Marenz. 1 differs from 
the rest in having an elongated body of some seventy segments, 
so that the posterior half is uncovered by the elytra, which are 
small, greenisli-grey, speckled, and have no fringe. It is common 
and widely distributed, but appears to be only found in the tubes 
of Terebella nebulosa. 

C. With eighteen pairs of elytra . — J\ yclatinosa Sars, may 
attain a length of 2 inches. * The elytra are very faintly coloured, 
transparent and soft, attached by rather long peduncles. In 
spirit they become swollen and . folded, giving the worm a very 
untidy appearance. The prostomium is partly overlapped by 
a peculiar collar-like fold of the peristomium. 

D* With numerous pairs of elytra . — Lepidasthenia, has a very 
long body, consisting of more than eighty segments. The elytra 
are quite small, and occur throughout the body on the usual 
segments. There are no notopodial cliaetae. L . elegans Or. is 
a very elegantly marked worm, which, however, has not been 
recorded from the British area ; it occurs in the Mediterranean 
(see Fig. 156, p. 293). 

Sub-Fam. 2. Hermionina . — The body is short, oval and de- 

1 Marenzeller has shown that Johnston's P. acolojjouirina is not identical with 
, that of Sa vigny, and suggests the above name for it. 
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pressed ; the particularly strong notopodial chaetae are directed 
upwards and backwards so as to protect the elytra. The neuro- 
podial chaetae arc also strong. The prostomium carries a single 
tentacle and two long palps ; the prostomial ridge may be well 
developed. The peristoinium is chaetigerous, with long cirri. 
The jaws are represented merely by thickened prominences. 

Aphrodite. -The fifteen pairs of elytra, arranged as in Polynoe , 
are concealed by a “ felting ” of hair-like chitinous threads arising 
from the notopodiuni (Fig. 139, p. 268). A. aculeata L. — The 



“ sea-mouse ” is one of the most 
beautiful of the Polychaetes. 
The small tentacle is very 
readily detached ; the palps are 
very long ; the parapodia of the 
peristoinium are directed for- 
wards so as to form lateral lips ; 
and its cirri are not especially 
modified (see Fig. 132, p. 260). 
The body, which measures 3 to 
6 inches, consists of thirty-five 
to forty segments, and is broad- 
est in the middle, the last 
dozen segments being very 
small ; the body terminates in 
a point. Some of the noto- 
podial chaetae are brilliantly 
iridescent, and give the worm 
its characteristic coloration. It 
is fairly common in the coral- 
line regions, and is frequently 
thrown ashore after storms. 
Atlantic and Mediterranean. 


Fia. A p/i rotlite aculeata L. (from RPgne J n Hermione the “felt” is 

Animal). Nat. .size. r, Neuropotlial . , . , 

chaetae ; p. palps ; 1, iridescent bristles ; absent, SO that the elytra are 
2, still* chaetae ; 3, felting bristles of lioto- exposed. If. hystrix SaV. OCCUrS 
podium. . * _ . _ _ n 

in ten to thirty fathoms of 
water all over the British area and Mediterranean. It resembles 
in its general appearance a fat Polynoid, with strong chaetae. 
Laetmonice Jilicornis Kinb. also occurs on our north-west coasts, 
and L. producta Gr. has been dredged in 500 fathoms off the 
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west coast of Ireland; it lias been recorded also from Kerguelen 
and from Japan, so that it has a very wide distribution. 1 

Sub-Fam. 3. Acoetina ? — The long, vermiform body has some 
thirty-nine to ninety -three pairs of elytra, placed on every 
alternate segment throughout. It is represented in the British 
area by Panthalis from 7- r > this., which forms a tube of black mud. 

Sub-Fam. 4. SigalUminn . — This sub-family includos forms 
with a long, vermiform body; anteriorly the elytra are on 
alternate segments, up to the twenty-sixth, and posteriorly on 
every succeeding segment; “ gills” here coexist with elytra ; cirri 
are absent. The prostomium in tithruehtis Kinb. has a median 
tentacle, which is absent in Hiiydiun And. and ISdw. *S7//. hoa 
Jnstn. is common off our coasts near low-water mark, where it 
burrows in the loose sand with rapidity. It is an elegant worm, 
and may attain a length of 8 inches, though it is generally 
smaller ; it is narrow, Hat, and only slightly tapering at each end ; 
the elytra, which may be more than a hundred pairs, are greyish 
or slightly brownish, some being lighter than others; the margin 
is fringed with simple processes (which in >S7 ytt/imi an* pinnate). 
Atlantic and Mediterranean. In Phi tnntudyrr the elytra are 
covered with sand grains. British and Mediterranean. 

Fam. 4. P/ty/lodocidttr . — The members of this family make use 
of the ibliaceous cirri (Fig. l.‘»G, F) in their very active move- 
ments. The rounded prostomium bears four or live, tentacles; then 1 
are four long peristomial cirri on each side (see Fig. 1 84, K). 

Sub-Fam. 1. P/iyflodocina . — The body is elongated, with 
numerous segments; the eyes are small ; the chaetae an* jointed : 
the dorsal and ventral cirri are foliaceous ; the pharynx is covered 
with papillae externally, hut contains no “jaws.” 

Phyllodoce has a more or less depressed body : four prostomial 
tentacles; four pairs of peristomial cirri. 1\ himdUyrrn Jnstn.' 1 
(the “paddle-worm”) may reach a length of 24 inches, but is 
usually 8 to 12 inches long and £ inch across. The. general 
colour is bright bluish-green or yellowish-green, with metallic 
iridescence; the parapodia olive-green or brown, the sensory pro- 

1 F. Buchanan, “Report on Polycliaetcs, Part I.” Sci. Proc. Roy. Ihiblin Sue. 
vii. (n.s.) 1893, p. 169. 

2 Polyodontcs Ran. deserves mention as being a large, rar e lbnn with peculiar 
pedal gland ; ef. Eisig (ref. on p. 268 ), p. 324 ; and Buchanan, Quart. J. Micr. tic. 
xxxv. 1894, p. 433. 

3 Many authorities regard this secies as synonymous with Savigny’s P. laminom. 
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cesses yellow. It lurks, during day, under stones and shells, etc., 
in the Jjuninarian zone. The green egg masses, so frequently 
referred to as belonging to Arenicola , are laid by Phyllodocids. 1 



Fig. 165 . — Phyllodoce paretti Blv. x (From lUgne Animal .) 


In Eulalia an additional (fifth) tentacle arises from the 
middle of the back of the prostomium. E. viridis Mull, is a dark 
green worm smaller than the preceding ; common 
between tide-marks, hiding in cavities and tunnels 
in limestone rocks, which have been bored by 
the mollusc Saxicava ; it is rare where such 
rocks are absent. It might have been thought 
that its vivid colour would harmonise with its 
surroundings, but it is most abundant in regions 
where Fucus abounds and Ulva is absent. It is 
evident then that the colour is not protective ; 
it may perhaps be of warning significance, for 
the mucus secreted in quantities by glands on 
tlie cirri of the Phyllodocids is probably ob- 
jectionable to their enemies. Phalacrophorus 
Grf. and Pontodora Grf. may be mentioned as 
pelagic genera. 

Sub- Fain. 2. Lopadorhynchina. — This in- 
cludes small forms, Lopadorhynclius Gr., Pela- 
gobia Grf., and other pelagic genera. 

Sub-Fain. 3. Alciopina. — These are surface 

Fiu.166 . -Xaup/umto form8 > and < like most P ela g ic animals, are colour- 

celox u. Grf. x 4. less and transparent ; the eyes, however, are 

^Tiai^ey^ ver y ^ ar g e , and, with certain brown spots in 
each segment, 2 are the only coloured parts in 
the body ; in structure the eyes are much more complicated than 

1 According to a verbal communication from Mr. J. Hornell of Jersey, they belong 
to I\ maculata Miill. , while Mr. Garstang believes them to belong to Eulalia viridis . 

* These segmentally-arranged brown spots may perhaps be photogenic. 
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those of other Polychaetes. The prostomium 1ms five tentacles ; 
there are long peristomial cirri, and in general their anatomy 
agrees most closely with that of Phyllodocids. Aleiope , A&terope , 
VanadiSy Nauphanta are genera of the family ; 1 none have been 
recorded from the British area. 

Fam. 5. Tomoptcridaer — This includes but one genus. Tow- 
opteins, which is pelagic. The transparent, colourless body 
consists of only a few (eighteen to twenty) segments ; the 
parapodia are as long as the body is wide, and carry no cliaetac ; 
each is bilobed, and fringed with a membrane ; each of these lobes 

Kiu. 1 07 . - - Tnmoj)- 
fens roUvtl Grf. x 
10. From Guinea 
Isles, pr. Ham- 
mer-shaped pro- 
Ntoniiuni ; first 
chaetigcrous pro- 
cess ; ;»/, second 
eliaetigerous pro- 
cess ; c, rosette 
(p li o toge n i e) 
organ on first two 
parapodia ; ft, 
similar organ in 
tlie lobes of the 
following para- 
podia ; d, pigment, 
spots ; J\ parn- 
poditun. (From 
Greef. ) 

contains a yellow rosette-shaped photogenic organ. The only 
chaetae present in the worm are on the “ head.” The prostomium 
is hammer-shaped, find appears to carry a pair of short filaments 
ventrally (Fig. 167, as), each with a single chaeta within it; and 
a longer filament laterally (y), supported by a long, very delicate 
chaeta. The mouth is behind these, and they probably fire the 
first pair of parapodia which have shifted forwards. T. onisci - 
formis Eschscholtz is not unfrequently obtained off our shores in 
the tow-net. 

Fam. 6. Nereidae ( Tycoridae ). — This family contains a very 
large number of species, differing from one another in small and 
not readily recognisable characters, such as the relative lengths 



1 Greef, Acta Ac. Gentian ., xxxix. 1877. 

* Greef, Zcitschr. f. Zool. xlii. 1885, p.432. 
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of the various processes of the head, of the lobes of the feet, the 
arrangement of the “ paragnaths ” (see Fig. 125, d), and so forth. 
The general features of the family have been already described. 
The genus Herein is represented by six fairly common species 
on our coast, which are almost world-wide in distribution. 

X dirersieolor Midi, is about 3 to 4 inches in length, of a 
general fleshy-red colour, though tending in some cases to yellowish- 
brown or even greenish. It may be distinguished by two diverging 
brown bands, which start on the peristomium and pass backward 
one along each side of the body for several segments. The pro- 
stoniium is broader than it is long. The worm burrows in mud 
or sand, all round our coast between tide-marks. It has a very 
wide distribution, being met with on this side of the Atlantic, and 
olf the coast of Greenland, and oil* Japan. It is even found in 
brackish water at Beinbridge, Tsle of Wight. 

X. eultrifera Gr. is green or greenish -grey, with a series of 



Fio. 168. — Arm's e.vltrifera 
(ir. x 6. Head with Iniccal 
region everted, to show the 
arrangement of the jaws. 
(From Khlers. ) Cf. .V. 
dirersieolor , Fig. 125, ]>. 
248. 


small rectangular light spots along the 
mid-dorsal surface, and oblique light lines 
at the sides of each segment. Posteriorly 
the greenish pigment becomes less and 
less till the hinder segments are flesh- 
coloured. The prostomium is as long as 
it is broad. This species attains a length 
of 0 inches. Southern coasts: locally 
known as “ Ked Cat.” 

X. dtnnerilii And. and Edw. is rather 
smaller and narrower than the two preced- 
ing species ; it is reddish-violet in colour. 


marked with darken* transverse lines in 


each segment. It is readily recognised by the two dark brown 
spots on the upper surface of the base of the notopodium in most 
of the segments, and by the great length of the peristomial cirri, 
the longest of which reaches the fifteenth segment. It is some- 
times found enclosed in a cocoon-like tube of hardened grey 
mucus, more or less covered with foreign particles, such as sand 
grains. Atlantic, Mediterranean, Japan. 

X pelutjica L. is red -brown or bronze in colour, and is 
generally larger than the other species, from which it is dis- 
tinguished by being widest about the middle of the body (see 
Fig. 122,]). 240); whilst in the preceding species the greatest 
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breadth occurs at tlie segments immediately following the head. 
Further, the palps are long, the peristomium is twice as long 
as the next segment, and the back of the worm is strongly 
arched. At all depths on rocky and stony ground. Northern 
coasts. 

K ( Ncreilepas ) fucata Sav. lives in the topmost whorls of 
empty whelk shells and in those occupied by hermit crabs. The 
ground colour is tile-red, with two milk-white bands along the 
dorsal surface. The dorsal lobe, of the foot is slightly foliaccous, 
glandular, and vascular. 

N ( Alitta ) virens Sara, is a giant amongst Polychat* tes, reach- 
ing a length of 18 inches. Its name suggests its colour; it is 


very plentiful at certain times at St. 
Andrews, and between tide -marks along 
the shore of the Mersey estuary, as well 
as elsewhere. It forms a burrow in the 
clay, etc., of the shore, and lines it with 
mucus, which is abundantly secreted by 
the great foliaccous lobes of the parapodia. 
These great leaf-like lobes of the foot recall 
the modification which the foot of many 
species of Nereis undergoes in transforma- 
tion into Heteronereis : they are so greatly 
developed that, at first sight, the worm 
might be mistaken for a large Phyllodoce . 
The worm is known as the “ Creeper,” 
and is much esteemed as bait 011 some 


9 



Kid. 169. — Parapodium of 
X rive ns Stirs, x 4. ft, 

Notopodial cirrus ; l>, 

uotopodium ; r, liuuropn- 
dinm ; d , neuropod in 1 

cirrus ; l , folitieeous ap- 
pendage. (From Elders.) 


parts of our coast. 

Fam. 7. Nephthydidae. — The elongated body is quad ran guhir 
in section, the dorsal and ventral surfaces being almost flat. (lor 
head see p. 262, and for parapodium, p. 264.) The two lobes 
of the parapodium are widely separated, and each is fringed with 
a membrane, while a sickle-shaped “ gill ” hangs down from the 
under surface of the notopodium. The pharynx is enormous. 
Of the genus Nephthys two species, called the “ Lurg ” or “ White 
Cat ” by fishermen, occur on our coasts. Their active movements 
and beautiful mother-of-pearl tint are characteristic. N. how- 
beryii Aud. and Edw. occurs on the shore, and down to 20 
fathoms ; it is 3 or 4 inches long, and may be found burrowing 
in the sand ; the chaetae exceed in length those of -A. caeca 
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Fabricius, which occurs less frequently and in deeper water, and 
is larger than the preceding. Both are Atlantic forms. 

Fam. 8. Amjihinomidac . — The body in this family is either 
venmiform, as in Eurytlioe , or oval and flattened, as in Euphra- 
sy ne and aS pinther. .The head carries a peculiar sense organ, the 
“ caruncle,” consisting of a smooth axis with the sides folded so 
as to look like a number of lamellae. The parapodia carry gills. 
Moat of the Amphinomids are tropical and Southern forms. 

Eurytlioe borealis Oerst. measuring 6 inches, occurs all round 
the British area, from the Shetlands, where it occurs in deep 
water, to the Channel Isles, where it lives on shore, under stones, 
etc. (For parapodium of Amphinome see p. 204.) 

Euphrosyne . — The body is short, oval, and flattened. The 
parapodia are not distinct processes, but the chaetae extend from 
each side of each segment nearly to the middle dorsal line, 
and are absent ventrally (Fig. 137, C, p. 205). The dorsal and 
ventral cirri are more or less filiform, and there is an inter- 
mediate similar process on the back ( ? = lip of chaetigerous sac). 
Amongst the chaetae are a number of curious branched processes 
-usually called “gills.” 1 The presence of these and of the 
chaetae give the upper surface of the body a fluffy appearance. 
E./oliosa And. and Edw. is fairly common under stones on our 
southern shores. It is about an inch in length and is of a 
cinnamon-red colour. 

Fam. 9. Eunkidar . — The elongated body is provided with 
parapodial gills in more or fewer segments (except in Lumbrico- 
uereis ). The “ gills ” may be cirriform ( Hyalinoecia ), pectinate 
( Eunice , Gnu-phis), or more complex ( Diopatra ). The notopo- 
dium is represented by a lobe (usually called “cirrus”) into 
which an aciculum projects ; in some cases it even contains a 
few chaetae ; most of the neuropodial chaetae are jointed (Fig. 
.138, F). The prostomial tentacles vary in number; they may 
be three or five, or five and two short “ frontal palps,” or they 
may be absent. Peristomial cirri are absent, though in Eunice , 
Diopatra , and Onuphis “ nuchal cirri ” are present on the dorsal 
surface of the second segment (Fig. 134, I)). One of the most 
characteristic features in the anatomy of the Eunicids is the 
peculiar jaw apparatus (see p. 270). The majority of the 
genera form permanent tubes of parchment - like consistency, 

1 Buchanan, Quart . J. Micr. Set . xxxv, 1894, p. 445. 
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which may he further strengthened by the addition of grains of 
sand, small pebbles, etc. ; the tubes may be branched. 

Eunice has live tentacles, two great palps, and a pair of 
nuchal cirri ; the gills are pectinate, and there are four anal 
cirri. E. harass it Aud. and Edw. is about 8 inches long. 
It is reddish-brown, with white spots down the back, one to each 
segment, and others at the side's. The gills begin at the sixth 
segment, and when fully developed have, eleven branches. The 
dorsal cirrus is not longer than the gill. K. ph ilocnrall ia lhich. 1 
forms its tube amongst the branches of 
Lophohelia prolifer a, in 200 fathoms, off 
the west coast of Ireland. 

Marphysa resembles Eunice , but lias 
no nuchal cirri. M. sanyuinca Mont, is 
a fine bronze colour, with bright red 
gills, which commence on the twentieth 
segment, and have only four or five 
branches. The worm, which measures 
1 2 to 1 8 inches, and is as thick as 
ones finger, hides in clefts in rocks and 
under stones below low water. Medi- ;ai ^ 
terranean. It is known as “ Itock- 
worm ” in the Channel Islands. 

Jfyalinoecia Mgrn., in addition to 
the five prostomial tentacles and palps, 
possesses a pair of small “ frontal palps ” 
arising from the anterior border of the 
prostomium ; there are no nuchal cirri, 
and the gills are simple filiform pro- 

cesses. H. tuhicola Milll., about 3 inches ygg Iffgw g^ 

long, is yellowish -brown, and forms 
a transparent, parchment - like tube. 

Atlantic and Mediterranean. T * J ^ 

Onuphis Oerst. has a head like the Fi«. 170 .—Ophryoirocha puer- 
preceding, from which it differs m having cit 1 *,,^ of cl i ia . CPt ci ii. 
pectinated gills and two nuchal cirri like “ te ‘ l P lt .£ nuo, “J or K“") • J < 
Eunice. In making its tube it employs 

small pebbles, bits of shell, and even eehinid spines, which it 
glues together with mucus, so that it bears a general resemblance 
1 Buchanan, Sci. Proc. Ji. Dublin Soc. viii. ( 11 . s.) IS 93, p. 169. 
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to its surroundings. 0. concliylega Sars, has a flattened, scabbard- 
like tube, which can be carried about by its owner. Atlantic. 
Lumbriconcreis has a more or less conical prostomium, without 



Flo. 1 71 . — (Slycera 
meckdii Aiul. 
;m 1 1 Edw. with 
pharynx everted, 
x 1 . {Rtyne 
Animal.) 


any tentacles, but with large palps : segments 
without gills. L. fragilis Mull, is reddish or 
brownish, with a beautiful iridescence; it is 
cylindrical, very narrow, and some 5 or 6 inches 
long ; L. tricolor • <Tnstn. is much larger. 

Ophryotrocha (Fig. 170) is a small form often 
occurring in aquaria ; it is chiefly remarkable 
for the possession of segmen tally-arranged girdles 
of cilia — a permanent larval feature. Lysidice 
ninelta Aud. and Edw. belongs here. 

Fam. 10 . Glyccridac . — Elongated worms witli 
numerous segments. The prostomium, though nar- 
row, is long, conical, annulated, and carries at 
its apex four very small tentacles; at its base a 
pair of palps. Special retractile gills are pres- 
ent. The armed pharynx is very long, and when 
protruded appears wider than the animal. The 
members of this family are without any system 
of blood-vessels, but the coelomic corpuscles are 
coloured red. Glyccra has four jaws, the parapodia 
are all alike (Fig. 136, C). G. capitata Oerst. is 2 
or 3 inches in length, is yellowish in colour, with 
a dark-red median line. It may be found 
burrowing in sand. The setigerous lobes of each 
foot are coalesced to form one large lobe with 
pointed apex. The dorsal cirrus is a small wart 
above the base of the foot. Atlantic and Medi- 
terranean. A second species, which is much 
larger and flesh-coloured, also occurs. 

Goniada is distinguished from the preceding 
by the fact that the parapodia suddenly change 
in size and character at about one-tliird the length 
of the body. The pharynx has numerous para- 
gnaths. G . maculata Oerst. occurs off our coasts. 

Fam. 11. Sphaerodoridae . — The dorsal and 
ventral cirri of each segment are spherical. 


The chaetae are usually jointed, and there is an aciculum to each 
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parapodium. JUphesia Rtlike. (A T . gracilis II. = Sphaerodorum 
peripatus Jnstn.) is exceptional in having un jointed chaetae. 
North Sea, Arctic Ocean, and the Channel. Tlie family, which 
is much modified, is allied in some respects to the Syllidae. 

Fam. 12. Ariciidae. — These worms burrow in sand between 
tide-marks. The body consists of many short segments, and is 
nearly cylindrical. The prostomium is more or less pointed ; the 
chaetae are all capillary ; in the first few segments they project 
laterally but soon come to lie dorsally, and are carried by slight 
conical papillae (supported by acicula), which are longer in the 
middle of the body. Most of the segments carry filiform “ gills/* 
representing the dorsal cirri (Fig. 137, B). 

Scoloplos armiger Mull, is extremely common on our coast. 
It is about an inch long, yellowish, with red gills, commencing 
about the twelfth segment. Kadi of the lobes of the parapodium 
possesses an aciculum, and the chaetae are bent in a peculiar way. 
The everted buccal region has the form of a six- or eight-rayed 
star. The spawn of this species may be found on the shore in 
spring as brown, pear-shaped, jelly-like masses, each with a long 
stalk, by which the mass is fixed to the sand. In the jelly are 
the eggs, which may be watched passing through the earlier stages 
of development. Atlantic on both shores, even off Spitsbergen, 
and Nova Zembla. Another representative is Theodisca mamil - 
lata Clap., which occurs amongst the roots of Laminaria. 

Fam. 13. Typhloscolccidae} — Pelagic, greatly modified forms, 
apparently related to the Phyllodocidae, but with very uncertain 
affinities. The prostomium is pointed and carries a pair of 
foliaceous tentacles ; each of the first two segments bears a pair 
of foliaceous cirri ; the remaining segments possess a dorsal 
and a ventral pair of foliaceous cirri, with a small bunch of 
chaetae and a single aciculum. All the cirri have peculiar rod- 
cells. Typhloscolex Busch, Sagitcl/a Wagner, and I'ravisiopsis 
Uljanin : all small worms. North Sea Atlantic. 

Sub-Order 2. Spioniformia. 

Fam. 1. Spionidae. — Mostly small worms, with small ridge- 
like prostomium carrying a pair of eyes, but 110 tentacles or 
palps. The peristomiuin, which extends forwards on each side 

1 Reibisch, Phyllodocidcn n. Typhloscoleciden il. Plankton Ejcpcd. 1895. 
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of the prostomium, bears a pair of very long cirri (usually 
termed “ tentacles ”) normally directed backwards, very mobile, 
and more or less coiled. They are readily thrown off by the 
animal. The notopodial cirri are long, finger-shaped, and curved 
over the back; they are vascular and ciliated, and function as 
“ gills.” The neuropodia project laterally. Both are usually 
provided with a “ podal membrane ” along their outer margin. 
There are no ventral cirri ; the dorsal chaetae are fringed 
capillaries; the ventral are "crotchets.” The buccal region is 
eversible. The worms burrow in mud and sand. 

Spio seticornis Fabr. is a small worm less than an inch in 
length, colourless except for the red blood in its vessels. It builds 
long and flexible tubes of sand in the clefts of rocks and under 
stones in the upper part of the littoral zone. The prostomium is 
notched at the anterior margin. The gills commence on the 
twelfth segment, and do not extend to the end of the body. A 
membrane-like cirrus exists also on the second chaetigerous seg- 
ment. The podal membrane is adnate to the gill throughout its 
extent. Four short anal cirri occur. Greenland and Scandinavia. 

, Nerine is represented by two species, sometimes called “ Iiag- 
worms.” ' The genus is very similar to Spio, but the worms are 
of larger size. The prostomium is compressed by the forward 
growth of the peristomium, and appears as a ridge on the latter 
segment, extending downwards in front towards the mouth. The 
“ gills ” commence on the second segment, and are continued in 



every segment except the hind- 
most. Narine (3 colecolcpis) 
vulgaris Jnstn. is readily distin- 
guished from other species by 
its somewhat T - shaped pro- 
stomium. It is an extremely 
common worm under stones and 
amongst seaweed at low water. 
It is some 3 or 4 inches in 
length and more slender than 


c\ cirrus of peristomium; c\ “gill*'; tl 1C following species. Its colour 
/, lobes ; m t podal membrane ; I, T>cri- . ,, . . . , , . , 

stomium ; ii, iu, iv, following segments, is yellowisli-brown, and the red 


gills directed upwards and back- 


wards give the appearance of oblique red lines. The podal mem- 
brane does not reach the tip of the gill. North Atlantic. It is 
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said to ascend rivers and live in brackish water. JV. conioceplicda 
Jnstn. is much the same colour, but reaches a length of 8 inches, 
and a diameter of £ inch. The prostoinium is conical, ^he podal 
membrane reaches to the tip of the gill in the anterior segments. 
The worm burrows rather more deeply and nearer low-water mark 
than the preceding species. 

Fam. 2. Polydoridac. — Polydora Bose ( = Lcucodorc Jnstn.) 
is readily distinguished from the other Spionids, and, indeed, 
from any other Polychaet (except Chactoptcrus ), by possessing 
specially strong chaetae in the enlarged fifth chaetigerous segment. 
The anterior segments differ from the rest in the absence of gills 
and in the character of the chaetae (Fig. 133, A, p. 261). 

P. ciliata Jnstn. inhabits soft mud tubes near low water; 
it also makes U-shaped galleries in stones and shells, and the 
tube projects from each mouth. The worm is about \ inch 
long, consists of some forty segments, and is yellowish or 
ilesli- coloured. The prostoinium resembles that of Spio ; the 
peristomium is raised into a slight collar at each side. The 
anus is surrounded by an incomplete, funnel. The species has 
almost a world- wide distribution, having been recorded from 
Iceland, Australia, the Philippine Islands, as well as from the 
European seas. P. cocca Oerst. often lives commensally with a 
sponge, having a protective odour. 

Fam. 3. Chiictoptcridae . — The family is represented on our 
coasts by Chaetopte/rm variopedatus Een., 1 which is found at 
the Channel Islands, the Seilly Isles, the Isle of Man, and the 
west Scottish coast, and probably at .various other places, 
at low water and down to a depth of some 15 fathoms. It 
occurs in all European seas. The animal builds a long tube, 
the basis of which is a tough, parchment - like substance; 
this is coated externally witli sand, small pebbles, and other 
debris : it is of considerable length and about J inch in 
diameter, is U-shaped and open at both ends, the greater part of 
it being embedded in sand or in crevices of rocks. The animal, 
whose body-wall is thin and delicate, never leaves its tube. 
The body has a bizarre appearance ; three regions are readily 

1 The British species is usually referred to as C. insignia Baird, but J oy cux 
Laffuio (Arch. Zool . Exp. (ser. 2) viii. 1890, p. 244) has shown that there is 
only one European species. It is possible that there is a closer affinity with the 
Sabelliformia than is at present supposed. 
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distinguishable, wliicli may be denoted by the letters A, B, and 
(J. The most anterior region, A, is flattened, and carries 
nine pairs of conical lobes with delicate chaetae, though the 
fourth lobe possesses special stouter chaetae (as in Poly dor a). 
The anterior end of the body terminates in a wide funnel, the 
boundary of which* is formed chiefly by the peristomium ; on its 
dorsal surface is a pair of tentacle-like processes (peristomial 
cirri) ; the region between which represents the prostomium. 

The second region, B, is very curiously modified ; it is formed 
of five segments. The most anterior is produced on either side 
into a great wing-like process, which in life is directed forwards 
above the region A. Each is grooved on its inner side, the 
ciliated grooves being continuous witli a median groove running 
forwards along the back of A ; this apparatus serves to bring 

food to the great funnel -like mouth. 
The next segment (twelfth) carries a 
dorsal and ventral “ sucker,” representing 
the parapodia. Each of the segments 13, 
14, 15 carries a membranous fold en- 
circling the body. By the constant 
movement of these “ fans,” which have 
nearly the same diameter as the tube, 
a current of water is constantly washed 
over the animal. The fans represent 
the notopodia; the neuropodia are bilobed 
rounded knobs. The region 0 consists 
in the adult of about thirty segments, 
all alike, and less modified than the pre- 
ceding. The animal is the most truly 
tubicolous of the Polychaetes, and is 

.. _ , much modified on this account. No 

Fig. 173. — C/iaetopterns. ( 1 roin . . 

Panceri.) Natural size of a locomotor chaetae are present, though 

young specimen. A is the great wings and notopodial processes 
anterior region of the body ; 0 . ° . . . . . . 

B, the middle region ; C, the of region (J contains clutmous bristles, 

which, however, do not project; 1 the 
great “ wings” ;f t the first of anterior region with its stiff ciiaetae, and 
the three “ tans ; m, mouth. neuropodiul uncinal plates of the rest 

of the body serve in its movements up and down the tube, while 
the “ suckers ” fix the worm temporarily to the wall of its house. 

1 Compare Sternaspis , p. 336. 
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Chaetopterus is highly phosphorescent (see p. 295). It 
is further interesting on account of the green colouring-matter, 
which is extracted by alcohol. Two commensal Polynoids occur 
in the tube, viz. Polynoe glabra and P. cirrosa . The larva is 
“ mesotrochal ” (with a ciliated ring round its middle), that region 
of the body lying in front of the cilia giving rise to the region 
A, whilst the rest of the body gives rise to regions B and C. 

Fam. 4. Magdonidae. — This family includes only the very 
peculiar worm, Magelona papillicornis Fr. Midi., which lives 
buried in sand, between tide-marks, in various parts of our coast 
and that of the United States. Its chief features are the large, 
Hat, spoon-shaped prostomium ; the long peristomial cirri, slightly 
expanded terminally, carrying papillae along one side ; the 
enormous, eversible buccal region, which is an important 
respiratory organ. The blood is of a madder-pink colour, and 
the blood-vessels in the thorax are greatly dilated. The body 
of the worm is divisible into two well-marked regions, owing to 
differences in the chaetae. 1 

Fam. 5. Ammocharidac. — This family contains only one 
species, Owenia Jiliformis T). Ch. Some of the anterior segments 
are longer than the hinder ones, though the arrangement of 
chaetae is alike throughout. The mouth is wide, like that of 
Chae top terns, and is surrounded, except ventrally, by a membrane, 
so deeply notched as to give rise to flattened filaments containing 
blood-vessels. These “ gills ” appear to belong to the peristo- 
mium. The small worm in its sandy tube is plentiful on our 
coasts in about 20 fathoms. Off Greenland and the Mediter- 
ranean. 

Sub-Order 3. Terebelliformia. 

Fam. 1. Cirratulidac. — These worms have a cylindrical body, 
more or less attenuated at each end ; the segments are distinct, 
and similar throughout, with capillary chaetae on each side in 
two bundles, carried by small papillae. The prostomium is 
conical, the peristomium usually without cirri. On more or 
fewer segments the dorsal cirri are long and filamentous, and 
function as gills. There is a single pair of anterior nephridia : 
the septa and genital ducts are repeated throughout the hinder 
part of the body. The worms usually live in burrows. 

1 For literature, see Benham, Quart. J. Micr . Sci. xxxix. part 1 , 1896, p. 1 . 
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Cirratulus. — The prostomium is long, sometimes cumulated. 
In addition to the segmental filamentous " gills ” there is a 

transverse row of long “ tentacular fila- 
ments ” across one of the anterior seg- 
ments, and it has been suggested that 
they are really prostomial tentacles 
which have shifted backwards. They 
and the gills twist about in a very 
active fashion during life, and look 
like small independent worms, especially 
when they are detached. C. eirratus 
Mull. is a brown or dirty yellowish 
worm about 4 to 6 inches in length, 
usually to be found under stones, 
partially embedded in the mud or sand. 
The prostomium carries a pair of 
linear groups of “ eye-spots ” ; the first 
chaetigerous segment carries a trans- 
verse row of tentacular lilaments, and 
the red gill -filaments commence on 
the same segment. Common. C. ten - 
tnculatus Mont, is a larger worm, dark 
red in colour, and is distinguished from 
the preceding by the absence of eyes 
Fro. 17 4 .— Cirratulus teniacu - and by the fact that the tentacular 

Mu# Mont, (A nat. size). fii alnen t, s are on the seventh chacti- 
(rrom Jietjne Annual. ) 

gerous segment, while the gills com- 
mence more anteriorly. Atlantic and the Mediterranean. 

Chaetozone setosa Mgrn. occurs in the North Atlantia 
Dodccaceria concharvm Oerst. is about an inch in length, olive- 
green or brownish in colour, and is not uncommon amongst 
roots of Laminaria . It is stated to live also in tortuous tubes 
bored in shells and stones, but whether it makes these tubes is 
uncertain. The worm has two thick tentacular filaments, and 
the thinner gills are only on four segments. Hekaterohranchus 
shrubsolii Buell. 1 is a small worm some } 2 inch long, found at 
Sheerness, where it occurs at low tide in soft mud ; here it 
forms a loosely coherent tube, though it also moves freely in 
the mud. Its chief features are (1) a pair of long, ciliated 
1 F. Buchanan, Quart . J. Micr. Sci. xxxi. 1890, p. 175. 
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“ cephalic tentacles,” probably peristoinial, and similar to the 
“ tentacular filaments ” of Dodecaceria ; (2) a pair of filamentous 
gills (dorsal cirri) on the first chaetigerous 
segment ; (3) a pair of large green nephridia 
in the anterior segments. The describer 
placed it amongst the Spionids, but the 
above and other features point to Cirratulid 
affinities. 

Fam. 2. Terebellidae . — The body is cylin- 
drical, and generally larger in front than 
behind. The prostomium is generally 
flattened, and forms a mobile upper lip, 
which always carries a transverse series of 
many tentacles; it may bear “ eye-spots,” 
but never palps ; the lower lip is formed by 
the peristomiuni. There are one to three 
pairs of gills, which are usually more or less 
branched, on as many segments. 1 

The chaetigerous lobes are small ; the 
dorsal ones contain capillary chaetae, which 
are frequently confined to the anterior 
segments, whilst the ventral chaetae are 
uneini. The ventral surface of the anterior 
segments is thickened by glands which secrete Kln \ — AmphitrUe 
the mucus employed m tube - building ; the g, Oills ; ^proHtomiai 

number of these “shields” and of the dorsal cunuingllan^and 

bundles of chaetae have to be noted in idea- Ramage.) 
tifying the worms. There are one to three 
pairs of large anterior nephridia. A very strong “ dia- 
phragm ” — usually more or less pouched — cuts off this anterior 
region of the body-cavity from the rest, and is the only com- 
plete septum in the body ; from three to twelve pairs of 
small generative ducts occur behind it. The family is tubi- 
colous, foreign materials being generally used in the formation of 
the tube. 

There are six genera which are fairly common round our 
coast, and their identification may be facilitated by means of 
the following table 2 : — 

1 In some genera there are no gills, e.g. Leaena. 

2 These characters are not necessarily generic. 
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A. Capillary chaetae 
confined to the 
anterior part of 
body ; commenc- 
ing on the fourth 
segment. 


13. Capillary chaetae 
throughout the 
body ; commenc- 
ing on the third 
segment. 


( 3 pairs, which are 


Gills I 
rambse. \ 


2 pairs. 

[l7 notopodia. 


f arborescent ; 3 pairs. 
Gills I filiform ; in trans- 

* i verse series in two 

\ segments. 


equal in size. 


Amphitritc. 
24 notopodia. 


unequal in size. 


Terebella. 
17 notopodia. 


Gills equal. 

Eye-spots. Nicolea . 

Pista. 
Leprca. 


Gills unequal and 
of peculiar shape. 


Thelepus. 


Amphitrite jolinstoni Mgrn. (Fig. 175) is brown in colour, 
about 4 to 6 inches in length, ami nearly inch in breadth 
anteriorly. Each of the gills consists of a curved stem ; from the 
convex side of which arise a number of branches, themselves 
dichotomously divided, the final branches being long (Fig. 170, A). 
There are twelve ventral “ gland shields.” The worm is fairly 
common between tide-marks, below stones in muddy places : the 
end of its tube of mud projects above the surface. Atlantic. 

Terebella (Po/ymnia) ncbulom Mont, is distinguished by its 
bright red colour, spotted with white ; it is 6 or 7 inches in 
length, and ^ inch across. Large specimens of this beautiful 
worm may be obtained at Weymouth and elsewhere on the south 
coast, where it lives in about 14 fathoms. Each gill appears 
much more arborescent than in the preceding (Fig. 176, B) ; it 
consists of a main stem, from which comparatively few branches 
arise; these subdivide frequently, and the terminal branchlets 
are quite short. The “ gland shields ” are fourteen to sixteen 
in number. The tube is of mud. North Sea, and Mediter- 
ranean. T. ( Lcprea ;) lapidana L. is 1 inch in length, orange-red 
in colour ; and has 1 2 ventral shields. The tube, of fine mud, lies 
horizontally on the under surface of stones. 

T, ( Lattice ) conchilega Pall, (the “ sand mason ”) forms a 
very characteristic tube of sandy particles, small pebbles, anti 
pieces of shell. It is buried in the sand, but a short portion 
protrudes, and bears, set round its edge, a fringe of branch- 
ing sandy threads (Fig. 153) commonly seen on sandy shores 
between tide-marks. The worm may be distinguished from the 
preceding species by the fact that the series of fourteen to seven- 
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teen gland shields are red, and continuous from segment to seg- 
ment. The gill is shown in Fig. 1 7 6, 0. North Sea, Atlantic, 
and Mediterranean. 

Nicole a venustula Mont, has only two pairs of equal, arbor- 
escent gills (Fig. 176, I j); the tentacles are comparatively few. 
The animal, which is about an inch in length, is cinnamon- 
yellow with white spots, and has seventeen gland shields. 20 
fathoms, North Sea and Mediterranean. Pista crista ta Mull, is 
readily recognised by the shape of the gills (Fig. 176, E), of 
which there are only two pairs. Each consists of a long peduncle. 



Fig. 176. — Gills of various Tcrebellid.s. x 4. A, A m pit it rite Johnston i Mgrn. ; B, 
Terebella nebulosa Mont. ; C, T. conchilega Pall. ; D, Xicolea Mgrn. (tlie liner 
branches .ire not indicated) ; E, Plata Mgrn. ; F, Terehdlidea Sars (after Malm- 
gren). ;/, Gill ; //*, mouth ; t, tentacles. 


bearing a number of dichotomously dividing, rather spirally- 
arranged branches, the whole having the appearance of a “ bottle- 
brush.” The worm is 2 to 4 inches long, of greyish-red to yellow 
colour. Atlantic east and west (even at the mouth of the Congo), 
and Mediterranean. Tkelepus cincinnatus Fabr. is about the same 
length, pale red in colour, marked on its back with clear areas, 
giving the appearance of lace work. The gills are represented by 
numerous unbranched filaments arising separately in two trans- 
verse rows. The tube, which is adherent to shells, etc., along its 
whole length, is of thin, transparent, and flexible material like 
mica, covered with foreign bodies, and even with Polyzoa and 
Hydrozoa. 30 fathoms, Atlantic and Mediterranean. 
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Polycirrus aurantiacus Gr. is sometimes placed in a special 
sub-family, as it has no gills. The numerous tentacles are 
very long, and arise from a great hood over the mouth ; the 
capillary chaetae commence in the first segment and extend for 
about half the length of the body ; the uneini commence in the 
ninth segment. The ventral “ shields ” are paired. The animal 
is highly coloured ; its phosphorescence and its distasteful ness 
have already been mentioned on p. 294. In Terebellides stroemi 
Sars, four comb - like gills arise from a single common thick 
peduncle on the back of the second segment (Fig. 176, F). The 
ventral surface of the body bends upwards anteriorly so as to 
bring the mouth to the dorsal surface. 13 to 
16 fathoms, muddy bottoms, North Sea and 
Mediterranean. 

Fam. 3. Ampharetidae . — This family differs 
from the Terebellids chiefly in the shape of the 
head and in the presence of a bundle of strong 
chaetae (or paleae) on each side of the head in 
front of the gills, of which there are four on 
each side. Each gill is a simple filiform pro- 
cess, considerably longer than the tentacles, 
which are very few in number. Am/phictcis 
gunneri Sars, Ampharcte gracilis Mgrn., and 
Mclinna cristata Sars, occur on our coasts. 

v Fam. 4. Amphictenidae. — This contains the 
interesting genus Pcctinaria , in which the head 
is protected by great golden chaetae on the 
second segment ; they are flattened, curved, and 
pointed, and are arranged in a single trans- 
verse row on each side, serving as an oper- 
culum to the tube. The posterior end of the 
worm has undei'gone great degeneration, and is 
represented by a small leaf-like “ seapha ” which 
serves to close the tube posteriorly. The worm 
is 1-J- inches in length and consists of only 
twenty segments, of which seventeen are ehae- 
tigerous. The tube is nearly cylindrical, but 
than posteriorly (Fig. 152, p. 288); the sand 
grains are uniform in size, and are embedded in the secreted 
mucus in a very regular way, the surface being smooth both 



Flo. 177. — Pectinaria 
belyica Pall. 
Slightly enlarged. 

Neuropodial 
chaetae ; A, lioto- 
podium ; ch t paleae ; 
U % gills; sc, scaphn; 
t, prostomial tenta- 
cles ; /, peristo- 

m in in. (From 
Malmgren. ) 


wider anteriorly 
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inside and out. These tubes can be carried about by the worm, 
but may be found projecting from the sand at very low tides. 
P. belgica Pall, forms a straight tube, whilst in P. anricoma 
Mull, the tube is larger and slightly curved. The former species 
appears to be confined to the North Sea ; the latter occurs in 
deeper water, and is also present in the Mediterranean. 

Sub-Order 4. Capitelliformia. 

Fam. Capitellidae } — Capitella capitata v. Ben. occurs pretty 
frequently in the sand under stones near low tide-mark. It is a 
red worm, about 1^ to 2 inches long, greatly resembling a Tubi- 
ficid Oligochaete. It may readily be distinguished from other 
Polychaeta by the strong genital chactae in the male, which 
replace the notopodial chactae of segments 8 and 0 ; those in the 
former segment are pointed backwards, and in the latter forwards. 
There is but a single pair of generative ducts in either sex in 
the eighth segment. North Sea, Mediterranean. 

Notomastus latericeus Sara is a longer worm, living in shallow 
water, off our coast and in the Mediterranean. The anterior 
twelve segments are wider than the rest of the body. The 
notopodial chaetae of the anterior segments of the hind body 
form a ring. Das y branchus c admits (Jr., which occurs in the 
Mediterranean, but not 011 our coast, reaches a length of 2 or 3 
feet. It has gills on the hinder segments above the neuropodia. 

Mastobranchus Eis. is found in the Mediterranean. 

Sub-Order 5. Scoleciformia. 

Fam. 1 . Opheliidac. — Comparatively short, rather ugly worms 
of a pearly colour, no prostomial processes : parapodia obscure. 
The family is represented in British waters by four species, 
occurring in shallow water. 

Ammotrypane aulogaster Rathke, is about 2 inches long; 
the nearly cylindrical body has a ridge running along each side 
below the chaetae. The conical prostomium is tipped with a 
small knob, and carries at each side a ciliated pit (Fig. 144, 
p. 273). Every segment, except the first chaetigerous, is pro- 
vided with a filamentous gill (dorsal cirrus). The segmentation 
1 Eisig, “Die Capitelliden,” Fauna w. Flora G . r. Neapel , Monogr. xvi. 1887. 
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is very obscurely marked, for internally there are only three 
complete septa, placed far forwards. The intestine is beut upon 
itself. In Ophelia limacina Ethk. the gills commence in the 
eighth segment, and the longitudinal ridge does not extend in 
front of tills segment. The worm is about 1 £ inches long, and 
occurs between tide-marks. Travisia forbesi Jnstn., North Sea. 
Pohjo pli th alums pictas 1 l)uj. is very abundant at some parts of 
the coast. Tliere are two bundles of ehaetae on each side of 
every segment ; each bundle contains three ehaetae, of which only 
one projects to any distance. Paired eye-like spots exist on the 
sides of twelve segments. The worm is about an inch in length. 

Fail 2. Maldanidae ( = Clymenidae ). — Ttepresented on our 
coasts by four fairly common species. They form sandy tubes, 
which are embedded in the sand with a short portion projecting. 
In some places they are so abundant that at low water the sand 
lias quite a rough appearance. The prostomium is frequently 
truncated ami depressed, and is always fused with the peristomium. 
A horny plate may be developed on the upper surface of the head, 
and the skin at the side of the prostomium is 

% frequently raised into a more or less prominent 
fold. The hinder end of the body carries a 
funnel surrounding the anus. There are no gills 
or sensory processes on the body. Some of 
the segments towards the middle of the body 
A mil fun- ma y longer than the rest. Peculiar serrated 

liul j! A icomachu , 

in >i hr ieal i s. hooks of characteristic shape constitute the neu- 
gmi ) Mlllm * ropodial “ torus.” The buccal region is eversible. 

Nicomache lumbriealis Fabr. is a rosy-pink 
worm with white spots anteriorly; the chaetigerous ridges are 
red. The worm consists of twenty-six segments, and measures 
2 or 3 inches. It is very narrow and readily breaks in pieces. 
The prostomium is laterally compressed ; the anal funnel is 
fringed with a number of short equal processes. Under stones in 
the Laminarian zone. 

Axiothea catcriata Mgrn., which may reach a length of 3 or 
4 inches, resembles the above in general colour, though of a 
deeper tint. There are only eighteen chaetigerous segments. 
The head has a membranous fold of skin on each side, and the 
anal funnel is produced into longer and shorter processes. Both 
1 Ed. Meyer., Arch. mikr. Anat. xxi. 1882, j». 769. 
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these species are also found 011 the west sid< 



Fra. 179 . — Axiothea cate - 
nata. x a, An- 
terior end ; b , notopo- 
dial and c, neuro- 
podial cliaetae ; />, 

perianal funnel. (From 
Malingren. ) 


of the Atlantic. Cly 
mene lumbri routes Qfg 
is about 8 inches long 
pink, with a light riiq 
round each segment ; the 
seventh segment is large] 
and reddish-brown. Tin 
prostomium is lateral!) 
compressed. Anus on t\ 
cone, which rises from 
the bottom of a funnel 
the margin of which it- 
entire. Atlantic. 

Fam. 8. Avenir n- 
litltte . — Hen* belong*- 
the common “ lug- 
worm” Avenicola war inn 


L., which occurs all round our coasts between 
tide-marks, and is so generally used as bait 
in fishing. The worm, which measures 5 to 8 
inches, is of a dark tint, usually brownish- 
green. It burrows to a depth of some 18 
inches or 2 feet, and throws up a consider- 
able quantity of “ castings ” or “ sand-ropes,” 
which are noticeable on every shore consist- 
ing of mud or muddy sand. The body ot 
the worm is cylindrical, thicker anteriorly ; 
the segments are indistinct, owing to the 
secondary groovings and furrows on the skin. 
The prostomium is in the adult fused with 
the peristomium ; this and the second seg- 
ment are achaetous. Then follow twenty 
chaetigerous segments with dorsal bundles of 
capillary chaetae and ventral rows of short 
crotchets. The hinder region of the body 
is achaetous and narrower than the rest, 
forming a “ tail.” There are twelve (some- 
times thirteen) pairs of arborescent ml gills 
on segments 9 to 20 (21). Internally there are 



Flu. 180 . — Arenicola ma- 
rina. x 1. Dorsal 
view. The anterior end 
is seen partly from the 
side. Ill , The first 
chaetigerous segment ; 
IX, the ninth chaeti- 
gerous, and first 
hrauchial segment ; 
XXI, tlie last bran- 
chial segment ; b, 
notopodial and c, 
ueuropodial cliaetae ; 
g\ g, the first and last 
gills ; t, the noii-chae- 
tigerous tail. 
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only four complete septa, and six pairs of nephridia, which are 
of large size : th'> fore-gut is eversible. Atlantic and Mediter- 
ranean. A second and smaller species, A. ecaudata Jnstn., occurs 
on our southern coasts ; it is readily distinguished by the absence 
of a “ tail,” the chaetae and gills being continued to the end of 
the body. 

Fam. 4. Scalibregmidae. — Prostomium ill -marked, fringed 
with small processes. Parapodia represented by slight papillae ; 
two bundles of chaetae ; usually cirriform lobes above and below 
them. Lipobranchius jeffreysii MT. has a grub-like body pointed 
at each end ; forms tubes of mud. Firth of Clyde and elsewhere 
in North Sea. Sclerochcilus Gr. in old oyster shells. Channel, 
Mediterranean. JSumenia crassa Oerst. has gills on first six 
segments. North Sea. Scalibregma injlatci lit like, has arbor- 
escent gills on segments 4 to 7. The anterior part of the body 
is dilated. North Sea. 

Fam. 5. Chlorhaemidae. — The family derives its name from 
the green colour of the blood, due to clilorocruorin. The repre- 
sentatives arc comparatively short worms, with capillary chaetae 
on all the segments, the limits of which are- not evident. The 
prostomium carries a pair of long grooved yellowish processes, 
which are perhaps palps, and several green tentacles, acting as 
gills” arranged in a transverse series above the mouth (Fig. 134, 
F, p. 262). The peristomium is achaetous ; the whole “ head ” can 
be withdrawn into the body. The chaetae of tlie anterior seg- 
ments are especially long, and directed forwards so as to form a 
“ cage ” for the head. The body-wall is covered with longer or 
shorter papillae. Internally, the chief points of interest are the 
presence of only two septa ( Tr aphonia ) or only one septum (< Sipho - 
nostoma ), situated somewhere in front of the middle of the body, 
and forming a great back wardly-direc ted pouch, which contains 
a part of the looped intestine, and the nephridia, of which there 
are only two or four. 

Trophonia plttmosa MiilL is about 2 to 4 inches long, 
yellowish-brown in colour, with a rough skin ; the head is usually 
retracted. It lives in the mud amongst Laminarian roots down 
to 50 fathoms. North Atlantic. Siphonostoma ( Fldbelligera ) 
diplochaitos Otto, has a transparent body -wall, so that the 
coloured viscera are visible. The skin carries long papillae, 
which traverse a thick jelly-like envelope secreted by it, in 
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which numerous diatoms live (symbiotically ?) ; the surface is 
covered by particles of mud, etc. This species, which may be 
found under stones at low tide, occurs also in the Mediterranean. 

Fam. 6. Sternaspidae . — The single genus, Sternaspis , has not 
been recorded on our coasts, but is of so peculiar a structure as to 
deserve a description. 1 8. scutata Ranzani, occurring in the 



Flo. 181 . — Sternaspis scutata Ranz. x 2. (From Vcjdovsky.) The left figure shows tin; 
ventral surface ; the right represents the internal organs as seen when the body- wall 
is pinned aside, having been slit up along its dorsal surface, a, Anus ; c, gills ; clt, 
anterior strong chaetae ; ch l , bundles of chaetao along the lateral margin of the 
shield ; ch 2 , the posterior marginal chaetae ; < l , oviduct ; //, the external tube 
carrying genital pore ; i, coiled intestine ; n , nephridium ( “ brown tube ”) ; «, 
ovary, amongst the coils of the alimentary canal ; p , pharynx ; pr, prostoniiuni, 
with mouth just behind it ; shield (on left figure ) ; s , stomach (on right) ; ah, 
outline of shield seen through the ventral body-wall (in right figure) ; x, chaetae 
embedded in the body-wall, with nerves passing by them. 


Mediterranean, is rather less than an inch in length, and derives 
its name from the possession of a pair of peculiar “ horny ” plates 
or shields on the ventral surface posteriorly. Around their 
margins are set about thirty bundles of long capillary chaetae. 
There are three half rings of stronger chaetae on each side near 
the anterior end of the body. The mouth is overhung by a very 

1 "Vejdovsky, Denk . Akad. Wien, xliii. 1882, part 2, p. 33 ; and Rietsch, Ann. 
Sci. Nat. ( Zool .) ser. 6, xiii. 1882, art. 5. 
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small rounded knob (prostomium), which in S. spinosa Sluiter, 
is prolonged outwards on each side to form a grooved palp- 
like organ, recalling that of Bonellia. The anus is placed 
posteriorly ; and in front of it, on the dorsal surface, are two 
bundles of many long thread-like gills. On the veiitro-lateral 
surface, in front of the middle of the body, is a pair of finger- 
shaped processes containing the genital ducts. The anterior 
segments of the body can be withdrawn into the body, as in the 
Chlorhaemidac. Further examination leads to the conclusion 
that the body of Stern" spis consists of about thirty segments, 
most of them provided with paired bundles of capillary (neuro- 
podial?) chaetae, distributed as follows: — Each of the segments 
2, 3, 4 has a half ring of strong chaetae on each side ; segments 
5 to 7 are without chaetae; segments 8 to 14 have chaetae em- 
bedded in the body- wall, but not projecting. The shields cover 
the remaining segments ; and along the outer edge of each are some 
ten bundles of chaetae, and along the hinder edge some five or six 
bundles, representing as many segments. Thus the worm consists 
of about thirty segments whose outlines are nearly obliterated 
(as in the Clilorhaemidae ), and whose chaetae, except those which 
are specially developed, are disappearing : while posteriorly a 
great shortening of the body brings the bundles close together. 
A continuation of this process, involving a further disappearance 
of chaetae, leads readily to the condition met with in Uchiurus , 
one of the chaetigerous Gephyrca. Internally, further evidence 
of the relation between Sterna spis and the Chlorliaemids with 
the Gephyrea is afforded by the absence of septa, by the coiled 
alimentary canal, and by the presence of a single pair of 
nephridia, which in the latter group act both as excretory 
organs and as genital ducts. 


BRANCH B. CKYPTOCEPHALA. 

Sub-Order 1. Sabelliformia. 1 

Fam. 1. Sabcllidae. — The branchial crown consists of a 
usually considerable number of filaments arising from a semi- 
circular base. The peristomium may be reflexed to form a collar, 
1 For anatomy ’see Meyer, J ft, Zool. StaL Neivpel , vii. 1887. 
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which is frequently notched, so that a lateral and a ventral lohe 
on each Bide may be distinguished (Fig. 133, B, p. 261). The 
thorax consists of nine segments, and is provided with ventral 
" gland shields/* which are continued along the abdomen, where 
they are subdivided into two by a ciliated “ faecal groove,” which 
sometimes bends to one side on reaching the thorax, and may 
extend forwards along the dorsal surface to the head : this groove 
serves to carry the faeces out of the tube. The gill filaments 
are always provided with secondary processes, and may be pro- 
vided with compound eyes. 1 The tubes of the Sabellidae arc? 
always of fine mud or of sand. 

Sahella pavonia Sav. is about 10 to 12 inches long and 
about \ inch across; the tul Hi of fine mud is considerably longer 
and embedded deeply in the mud, with its free end projecting t<> 
some 2 or more inches, where it serves for the attachment of 
seaweed, Polyzoa, Hydrozoa, etc. The colour of the animal is 
orange-brown ; the gills, which are about 1^ inches long, are 
green (due to contained blood) marked with more or less extensive 
brown or purple-brown spots, which may . even hide the? green 
tint. There is a pair of dark filaments arising between the 
dorsalrnost gill filaments, 
which have been errone- 
ously regarded as “ pro- 
stomial tentacles ” ; they 
are, in fact, prolongations 
of a peculiar membrane or 
lip round the base of the 
gills, which bounds a groove 
leading to the mouth. 

These lip - processes (F ig. 

133, B, l ) occur in other 
Sabellids. Atlantic, North 
Sea, and Mediterranean. 

Branchiomma vesicu - A 0 

losum Moilt. forms a Sandy Fic;. 182. — A, A gill filament of liranchiomma ; 

tllbe near low tide -mark. meuts ; o, eye ; dorsal appendices. 

The animal, measuring 6-7 

inches, is rich brown, darker anteriorly, abundantly speckled with 
white ; the ventral surface is pink ; the gills are green or olive- 

1 Andrews, Juurn. Morph, v. 1891, j>. 271. 

VOL. II 7. 
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brown, marked with white bands in a fairly regular fashion. 
Each gill filament has, just below its tip, a compound eye, con- 
sisting of several lenses and retinae. North Sea and Medi- 
terranean. 

Dasychone bombyx Dalyl. is a short, comparatively stout worm 
usually 1 to "inches long ; reddish-brown in colour, with a 
darker spot on each side of every segment. The gills are lighter 
with greenish marks. This worm may readily be recognised, for 
each of the gill filaments carries some six to ten pairs of dark 
compound eyes at intervals along its length, and near to each pair 
there arise two short processes from the outer side of the fila- 
ment, which are known as “ dorsal appendices.” The worm 
forms a tube of mud, more or less mixed with sand. It occurs 
at low water and to some depth round the coasts of the 
Atlantic, North Sea, and Mediterranean. 

Chone infundibuliformis Kriiyer may be recognised by the 
absence of lobes on the collar, the presence of a membrane con- 
necting the gill filaments, and the passage of the faecal groove 
along the dorsal surface of the thorax. The worm is 6 inches 
long, with purple gills, spotted with yellowish- white. The tube 
is formed of yellowish membrane covered with sand, and is 
fixed to stones and other objects. Potamilla reniformis Mull, 
is about 3 inches long, with about twelve brown gill fila- 
ments, some of which have eyes near the base. The tube 
is transparent and horny, with sometimes a slight covering of 
sand. Found iii old oyster shells. North Sea, Atlantic, Medi- 
terranean. 

The genus Spirographis contains one of the largest European 
Sabellids, S. spallanzanii Viv., which occurs off the Channel 
Islands and in the Mediterranean. The two gill plumes are 
unequal ; the large rone forms an upright, spirally -coiled 
column. 

Fam. 2. Eriograpliidac. — Myxicola infundibulum Mont, has its 
gill filaments connected by a membrane reaching nearly to their 
tips. Each gill plume forms a semicircle ; there are no eyes ; the 
peristomium does not form a collar ; no gland shields. The worm 
requires neither of these structures, since it is practically a free; 
swimmer, envelopes itself in mucus, and moves tail first. The 
faecal groove is not well marked, though continued dorsally. In 
the abdomen the .tori uncinigeri extend dorsally and ventrally 
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(beyond the neuropodial chaetae) and nearly encircle the body. 
Tlie animal is 4 or 5 inches long, dull green, with purplish gills. 
Between tide- marks. North Sea and Mediterranean. 

Amphiglena mediterranea Leyd. is only about \ inch long, 
hermaphrodite, and has eyes on the peristomiuin and on the anal 
segment. It is a very elegant little worm, and as a living object 
under the microscope, with the cilia on the gills, is very beautiful. 
The gills consist of six filaments on each side, provided with the 
usual double row of ciliated processes. 

Fam. 3. Amjihicorinidae. — Small hermaphrodite Sabellids in 
which each gill tuft contains only a few branching filaments. 
The simplest form is Haplobranch us aestuarinm Bourne, 1 which 
occurs in the rather foul mud at low tide in the estuaries of the 
Thames, the Liffey, and other rivers. The animal is about | 
inch long, with four finger-shaped processes on each side, and a 
pair of larger, vascular processes on the ventral surface. These 
five branches are gills (palps), although, owing to the small si/e of 
the worm and simple vascular system, the four lateral filaments 
have no blood-vessels. The animal consists of only eleven 
chaetigerous segments, and lives in a tube made of mud particles. 2 
Fabric/ia sabella Ehrenb. ( Amphicora fabricia Miill.) has three 
gills on each side, each with a number of secondary brunches of 
different sizes, but so arranged as all to reach the same level. It 
has eyes in its tail and swims backwards. 

Fam. 4. Ferpulidae . — The thorax is provided with an un- 
dulated membrane on each side, chiefly employed in smoothing 
the inside of the tube ; it represents the dorsal and ventral 
cirri of these segments. The gland shields are confined to the 
thoracic segments. In many genera the dorsalmost gill fila- 
ment on one or both sides is terminally dilated and serves as an 
operculum. The tube is calcareous, and attached to rocks, shells, 
etc., for a greater or smaller part of its extent. 

Serpula vermicularis L. forms a pinkish tapering tube about 
3 inches long; the narrower fixed end is coiled. It is marked 
at irregular intervals with encircling ridges, indicating cessation 

1 A. G. Bourne, Quart. J. Micr. Sci. xxiii. 1883, p. 168. 

2 Closely allied is Manayunkia Leidy, which occurs in frcsli-water lakes of 
America. Another fresh-water genus is Coabangia Giard, which perhaps deserves 
the creation of a special family. The anus is ventral and anterior. The chaetae are 
peculiarly arranged, dorsal uncini being present only on four segments. The first 
body segment carries a ventral bundle of five great “ palmate ” chaetae. 
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in formation, and has a circular aperture. The worm itself is 
about 1^ inches long. The horny operculum is conical, with 

its base upwards, fringed 
with short processes. 20 
fathoms in the North 
Sea and Mediterranean ; 
also from 275 fathoms 
off the west coast of 
Ireland. 

Pomatoeeros triqueter 
L. — The white shell is 
adherent, with a distinct 
keel along its upper 
surface ; the aperture is 
overhung by a spine. 
The tubes are abundant 
everywhere, attached to 
rocks, stones, shells, etc., 
between tide-marks and 
down to 1 8 fathoms. 
The animal is very 
handsome, the thorax 
being deep blue, the 
abdomen red in the 
female, whitish in the 
ripe male. The branchiae 
are barred and spotted 
with blue, orange, and 
white ; the operculum 
is calcareous, and fur- 
nished with a couple of horn-like processes. 

Fill fjr ana implexa Berkeley is a small worm, but the slender 
white tubes intertwine and adhere together in masses 3 or 4 
inches high, occurring at low tide and down to 18 fathoms in 
the North Sea and Mediterranean. The animal has only eignt 
gill filaments on each side, one of which on each side is slightly 
expanded to serve as an operculum. The worm multiplies by* 
transverse division. 

Spirorbis borealis Daudin is a still smaller worm, the tube of 
which is coiled in a flat spiral about to jr inch across ; it is 



Flo. 183.— A group of tubes of Serpula rermicn laris L. , 
from the mouths of two of which the animals are 
protruding, that on the right being seen from 
above. hr, The gill plume ; m, thoracic membrane ; 
op, operculum ; op 1 , corresponding gill filament 
of the opposite side ; t , tube. (From Cuvier’s 
Refjne Aninud .) Nat. size. 
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common, adhering to Fucus, shells, 
sented by fossils in the Palaeozoic 
rocks. Cosmopolitan. 

Protu la (Fsygmobranch'u s ) 

tubidaria Mont, is a Serpuliil 
without an operculum ; it forms 
a straight or slightly and irregu- 
larly curved tube. Atlantic and 
Mediterranean. Salma ci na rft/x- 
tcri Huxley has 110 operculum ; 
it is a small worm incrusting 
seaweeds, or forming masses like 
Filigrana . 

Sub-Order 2. Hermelliformia. 

The single family Hermellidae 
is represented by two species — 
Sahdlaria alveola la. L., which is 
littoral, and 8 . sjnnidosa Leuck., 
occurring in 10 to 30 fathoms. 

S. alreolata 1 is about an inch 
long; the thorax is purple, the 
abdomen yellow to red. The 
narrow caudal region is bent 
sharply forwards, so that the 
anus, situated at its tip, comes to 
lie at the orifice of the tube, 
which is irregular and sandy. 
Great numbers of the animals live 
of their tubes may be 2 or 3 feet 
They are well seem on the shore, at 
on Hilbre Island, off the Cheshire 
Mediterranean. 


and other objects. It is repre- 



’io. 1 84. — S/iirorbis. A, tlie shell, en- 
larged. B, the aiiiinul, x 50. <*, 

IVristoniial collar ; r, eggs in the brood 
pouch at the end of the operculum ; 
*/, gills; ///, thoracic, membrane (char- 
acteristic. of Scrpulidac) ; 7/, the single 
pair of thoracic ncphriilia opening by 
a median dorsal pore beneath the 
collar (common to all Sabelliformia) ; 
o, ova in the anterior abdominal seg- 
ments ; oji, operculum ; s , sperma- 
tozoa in the hinder abdominal seg- 
ments ; st t stomach. (From Clapa- 
rede.) 

together, so that the masses 
thick and several feet long. 
Paignton, near Torquay, and 
coast. North Sea, Atlantic, 


Order III. Myzostomaria. 2 

These animals are parasitic on Crinoids or Asteroids. 8 The 

1 For the anatomy see Meyer, Ml. Slat. Neapel , vii. 1887 ; see alw> above, p. 306. 

2 von Graff, “ Myzostomida,” “Challenger'’ Reports, part 27, vol. x. 1884 ; and 
“Supplement,” part 61, vol. xx. 1887. 

4 Marenzeller, Anz. Akad. fVicn, xxxii. p. 192. 
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single family, Myzostomatidae, contains but two genera, Myzostoma 

F. S. Lkt. and Stelechopus 

\ Some of them move, 

l V /S" more or less actively, on 

MSJjfl \ W&C the surface of their hosts, 

others live in a sessile 
^ Jr % condition between the 

joints of the arms or pin- 
wp* Rulos, causing a greater 

§ — — r A— or less malformation 

thereof, sometimes leading 
■' to the formation of a more 

k J f [|| ) \\| " or less globular cyst like a 

'S/jrJ )/y\v U^ ^ plant -gall, due to over- 

/ rfjtjL \ | ' growths of the joint, as in 

x * M. deformator v. Or. and 

Fin. 185. — Myzostoma glahrum Lkt., on the ili.se M. cysticohl V. Ol*.: while 
of AnUuion rosacea. The hermaphrodite in- * r 7 . r\ • i 

dividual (?) lies over the mouth of the AiUedoii, • pulwinai Or. IS eiKlO- 
aml carries on its back at the anterior end a parasitic in tile intestine, 
young one . ( 6 ) with only male organs fully rt , 

developed, up, The anal papilla of A n tedon. x 4. IwO SpCCieS OCClir Oil Olll’ 

common Anted on ( Coma- 
tilin') rosacea ; one, M. cirriferum Lkt., creeps about the oral surface, 
especially along the food grooves of the disc and arms ; the other, 
M. glahrum Lkt., lives close to the mouth of the Crinoid, so that 
its pharynx can be inserted into the oesophagus of the host ; this 
species rarely moves from this position, and carries a young one 
on its back. 


The Myzostomaria are circular or oval, more or less markedly 
convex dorsally, Hat ventrally ; Stelechopus , however, which lives 
on Hyocrinus , is elongated. The margin of the body is provided 
with ten or more pairs of cirri, short (AT. glahrum) or long (M. 
cirriferum ), and the general appearance of the animal is greatly 
changed in some species by the great elongation of the hinder 
cirri, into which the viscera may extend (M. filicauda v. Or.). 
On the ventral surface are five pairs of small conical “ parapodia,” 
arranged, like the internal organs, in a radiate manner. Each 
para podium carries a couple of chaetae ; one a hook, the other 
serving as a “ guide ” for this hook. The four “ suckers ” on 
each side are either- glandular or sensory organs ; and Wheeler 
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considers them homologous with the lateral organs of Capitellids ; 
they are usually little developed iu those species which live 
inside cysts. The mouth and anus are usually ventral ; hut in 
M. fflabrum the anus is dorsal, and in a few species both aper- 
tures are carried on to the back by the great development of the 



Fig. 186. — Myzostoma cirri/erum. (After Lang and v. Graff.) The organa are supposed 
to be seen by transparency. On the right side the more dorsal organs are shown, 
and on the left, those lying more ventrally. a, Anus ; r, ten pairs of marginal cirri ; 
f l to / 6 , the live parapodia of the left side, each with two chaetae ; i, the branches 
of the intestine on the right side ; m, mouth ; o, the opening of the oviduct (otl) into 
the rectum ; ov, the uterus or coelom, filled with eggs, occupying the spaces between 
the lobes of the intestine ; p, the pharynx (acrecbolic introvert.) lying in the 
pharyngeal sac ; r , rectum ; s , the four “suckers” of the left side ; these, like the 
parapodia, really lie on the ventral surface ; st , stomach ; t y the branching testis ; 
6, the pore of the sperm-duct. 

ventral surface. The alimentary canal is provided with a pro- 
trusible pharynx ; the intestine is branched ; amongst its branches 
is the coelom, packed with eggs, and functioning as a uterus 
(usually called “ovary”). The true ovary is a small mass of 
cells on each side, a proliferation of the coelomic epithelium 
the intestinal wall. A median continuation of the 
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uterus passes backwards above the rectum, and opens either into 
it or by an independent pore dorsal to the anus. The “ lateral 
oviducts” of Nansen are nephridia with ciliated funnels opening 
into the coelom (uterus), and with pores leading into the cloaca 
on its ventral surface ; or, in M. belli Wheeler, opening to the 
exterior. The two testes are branched, and each sperm -duct 
opens laterally on a papilla, just outside the third parapodium of 
each side. Wheeler 1 has recently shown that in the young 
Myzostoma the spermatozoa ripen before the ova, so that it is 
functionally a male ; before the spermatozoa are all discharged 
the ova mature, and the animal is for a time hermaphrodite ; 
later on, however, when all the spermatozoa are used up, the 
worm is a female. Beard’s “ dwarf males ” are therefore merely 
the young of hermaphrodite forms. In cysticolous species each 
cyst usually contains a large female individual and a small 
male. In these cases the young one (male) discharges all its 
spermatozoa before the ova ripen, so that a period of immaturity 
intervenes and a true hermaphrodite condition is omitted ; the 
animal is at first male, and later female. The Myzostomaria 
are thus “ protandric hermaphrodites.” 

The affinity of these animals has been much discussed ; they 
superficially resemble the Tardigrada in many anatomical features, 
and differ greatly from Chaetopoda, but as they possess the 
characteristic chaetae or parapodia, and pass through a larval 
stage 2 similar to that of the Polycliaetes, there is no doubt that 
they are closely allied to the group, and indeed may be regarded 
as degenerate Cliaetopods. It has been suggested that they form 
a passage group between them and the Tardigrada ; and von 
Graff forms a group Stelechopoda, to include the Myzostomaria, 
the Tardigrada, and the Linguatulida. 


1 Mt. Zool. Stat . Xcapcl, xii. 1896, p. 227 ; where, too, see literature. 
2 Beard, Mt. Zool. St. Xi zap. v. 1884, p. 544. 
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CHAPTER XIII 

OLlCiOCHAETA (FAltTII WORMS AND THEIR ALLIES) 

INTRODUCTION ANATOMY REPRODUCTION — BIONOMICS DISTRI- 
BUTION CLASSIFICATION MICROPRTLI AND MEGADBTLl 

The Oligocliaeta form a well-marked branch of that exceedingly 
large assortment of animals vaguely spoken of as worms, and 
embracing a number of types many of which have no near 
relationship to each other. From this great and unnatural 
group, which has survived as “Vermes” even in some quite 
modern text-books, we can separate oft 1 those forms which show 
a plain segmentation or division of the body internally as well 
as externally into a series of more or les* similar rings, as 
a Class Chaetopoda. This Class, consisting of the Orders 
mentioned on p. 241, includes the worms which form the 
subject of the present chapter — the Oligocliaeta, as they were 
originally called by Grube, on account of the fewness of their 
chaetae as compared with the number possessed by the majority 
of the Polychaeta. 

Our knowledge of this group, as of so many others, dates from 
Aristotle, who called the earthworms the “ intestines of the earth.” 
But it is only very recently that the numerous and remark- 
able genera of exotic earthworms have been anatomically 
investigated ; indeed the common British species was not 
really well known before the publication of the memoirs of 
Lankester 1 and Claparede 2 in 1864 and 1868, in spite of the 
elaborate quarto devoted to it by Morren, 3 the botanist, in 1826. 

1 Quart . J. Micr . Sci. (n.s.) vol. iv. 1864, p. 258 ; and v. pp. 7, 99. 

8 Zeitschr. vnss. Zool. xix. 1869, p. 568. 

8 De Lumbrici terrestris Historia naturali , Brussels, 1829. 



348 


OLIGOCIIAETA 


chap. 


Some of the aquatic species afforded material to Bonnet and 
Spallanzani for their experiments upon the powers of regenera- 
tion of the animals when cut into fragments, while the work 
of O. F. Miiller 1 upon various Naids is a monument of careful 
anatomical description. Our knowledge of the aquatic Oligo- 
chaeta does not appear to have advanced so rapidly as lias that 
of the earthworms. 

External Characters. — The most salient external characteristic 
of this group of worms, which vary from 1 mm. to 2 metres in 
length, is of course the segmentation. The entire body is 
divided into a number of rings, which are for the most part 
similar to each other ; a fragment of an earthworm's body could 
not be accurately replaced unless it had been cut from the 
anterior region. There is precisely the same regular segmenta- 
tion in the aquatic representatives of the Order. At the anterior 
end of the body in the common earthworm (and in nearly all 
Oligochaeta) is a small unpaired lobe, which overhangs the 
mouth, and is usually termed the prostomium ; the mouth itself 
is surrounded by the first segment of the body, which never bears 
any chaetae in any Oligocliaete. The prostomium is occasionally 
greatly developed, and in such cases doubtless forms a tactile 
organ of importance. This is especially the case with the South 
American genus Hhinodrilus, where the lengthy prostomium can 
be retracted at will. The aquatic Nats lacustris ( = Stylaria pro- 
boscidm ) has also an exceedingly long prostomium, which cannot, 
however, be retracted, though it is contractile. At a certain dis- 
tance from the anterior end of the body, lixed for the species, but 
varying greatly from genus to genus and from species to species, 
is the clitellum. This region of the body (popularly believed to 
mark the spot where a worm divided by the gardener's spade has 
come together again) is associated with the reproductive function, 
and serves to secrete the cocoon in which the creature's eggs are 
deposited. It has in the earthworm a thick glandular appear- 
ance. A more minute examination of the worm's body will show 
the orifices of the reproductive ducts and of the excretory organs 
which will be found described below. In addition to these, 
all British earthworms and a large percentage of the tropical 
forms have a row of pores along the back, which are between the 
successive segments in the median line. These “ dorsal pores '' 
1 Xaturg. cin. IVunn-Artcn d. siisscn u. salzigen IVasscr , Copenhagen, 1771. 
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open directly into the body-cavity, and are mere perforations of the 
body-wall, not tubes lined by a special layer of cells. Professor 
Spencer of Melbourne 1 has observed a giant earthworm (Megaseo- 
lides australis ) of Gippsland which, when held in the hand, spurts 
out, to a height of several inches, the fluid of the body-cavity 
through its dorsal pores. The burrows, he remarks, are coated 
over with the same fluid, which is regarded by him as a lubricant. 
This, however, considering that the glandular cells of the epidermis 
can secrete a mucous fluid, seems to be an expensive use to which 
to put the important fluids of the interior of the body. It is 
more probable that the dorsal pores are a means of getting rid of 
waste products. Lim Boon Keng 2 suggests that the coelomic 
fluid possesses a bactericidal function. The dorsal pores are 
missing in many earthworms, and without exception in those 
Oligochaeta which live in water ; but these latter worms have a 
pore upon the head, which appears to be wanting in the earth- 
worms. Dr. Michaelsen lias thought that the head-pore serves 
to relieve the brain from undue watery pressure — to act, in fact, 
as a kind of safety-valve for the liberation of superfluous fluid. 

In some foreign worms the pores of the reproductive ducts 
are conspicuous external features (Fig. 197); even in our 
British species the turgescent male apertures upon the fifteenth 
segment are sometimes quite obvious. 

Structure of the Body-Wall. — The body-wall consists in all 
Oligochaeta of three recognisable sheets of tissue. Outside is 
the epidermis, which always consists of a single layer of cells, 
except in the clitellar region of earthworms. It is a point 
of difference between the aquatic genera and the terrestrial 
forms that in the former the clitelluin is only one cell thick, 
while in the higher Oligochaeta it is made up of more than one 
layer of cells. The epidermis is ciliated only in the genus 
Aeolosoma , , and there only on the prostomium. It secretes a 
thin layer of chitin, which is defective opposite to the glandular 
cells, and becomes therefore perforated by numerous pores. 
The structure of the epidermis of Lumbricus has been studied 
by Cerfontaine, whose recent account 3 of the same is the fullest 
and most accurate that exists. 

Underneath the epidermis conies a layer of circular muscle-fibres, 

1 Trans . Roy. Sac. Victoria , vol. i. 1888, p. 1. 

2 Phil. Trans . clxxxvi. 1895, A, p. 383. 3 Mtm. cour. Ac. Bely. lii. 1890-93. 
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and underneath this again a layer of longitudinal muscles. In 
both layers the fibres have a softer core, outside which lies the 
radially striated muscular substance. The fibres are embedded 
in a granular matrix. It used to be considered at one time 
that such medullated fibres were distinctive of leeches as opposed 
to Oligocliaeta. Their existence has been really known in the 
Oligochaeta since the researches of Ratzcl ; but Cerfontaine has 
fully described them, and emphasised the fact that the fibres of 
both circular and longitudinal coats are alike in this respect. 

Chaetae. — The passive organs of locomotion in these animals 
are the chaetae, which are absent in only one family, Discodrilidae, 
and in one other genus, Anachaeta. In this latter worm the 
chaetae are represented by large glandular cells, which seem to 









Fig. 187. — Chaetae of 
Oligochaeta. x 10. 
(Alter Michael sen, 
Stole, and. Vejdovsky). 
1,2, Penial chaetae of 
A mnUuHf rilux geor- 
gianus ; 3, Spiro- 
speruta; 4, Jlyo- 
dr Has ; 5, L o ph o- 
t'kaelu ; 6, Tubifen:; 
7, 8, No is ; 9, Ilohe- 
m if hi. Figs. 3-9 are 
ordinary chaetae. 


correspond to the cells from which the chaetae arise in other 
forms. They are in this case, as in the others, cells of the 
epidermis. The chaetae of the Oligochaeta are not quite so 
variable in form as in the marine Polychaeta (see Fig. 138, p. 
207). Figs. 187 and 188 illustrate some of the principal 
shapes which these bristles assume. The most prevalent form 
is an elongated S, which has been aptly compared to the 
mathematical sign J. This kind of ehaeta is found in all 
earthworms, and in not a few aquatic genera such as the Lum- 
briculidae. In some of the latter and in the Tubificidae and 
Naids there is the same form of ehaeta, which is cleft at the 
free end, and possibly enables the worm to grasp the leaves of 
aquatic plants, and otherwise facilitates progression in a laxer 
medium than the stiff soil frequented by the earthworms. Even 
earthworms, at any . rate the genus Pontoscolex, have chaetae of 
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this kind ; some of the aquatic Oligochaeta have elongated and 
hair-like bristles, such as that of Tubifcx. In the Tubificid 
Loplwchaeta (Fig. 187, 5) the cliaetae are ornamented on both 
sides with delicate processes, which give them the appearance of 
Crustacean hairs. Among earthworms the simple S-like form 
is sometimes complicated by the development of sinuous ridges 
upon the distal end. No doubt these bristles enable their 
possessor to get a firmer grip of adjacent objects ; they are 
very commonly found, in the family Geoscolicidae, upon the 
segments of the clitellum, and permit of a firmer union during 
sexual congress. In no Oligochaeta are the cliaetae borne 
upon parapodia, as is the case witli the Polyclnieta ; but in 



Ficj. 188 . — Cliaetae 
x 10 . 1 , Out/ 

choc In tet a ; 2, l*on 
toscnlc.c ; 3 , Tri 
clutch net a y Sh t tin 
same, more highly 
mngnitie'I. 


many of the aquatic forms there are a considerable number 
to each bundle. In earthworms the number of cliaetae 
varies greatly. The common earthworms of this country, belong- 
ing to the genera Lumbricus , Allolobophova , and All urns, have 
only eight chaetae upon each segment of the body, and these 
are then, as a rule, arranged in pairs or rather couples, two of 
each on each side of the body. The genus Pcrichurfa and some 
of its allies have a much larger number of chaetae to each 
segment, disposed in a continuous row round the middle of the 
segment. The intermediate condition is to he seen in the genus 
Deinodrilus, where there are twelve in each segment, and in 
certain members of the genus Megascolejo, where there are eight 
in each segment in the anterior region of the body, the number 
increasing in the posterior segments. The four bundles of 
chaetae in the Naids and Tubificids have been likened to the 
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notopodia and neuropodia of the Polychaetea.; but it does not 
seem certain that this comparison is justifiable.* It was at one 
time thought that the continuous circle of chaetae <jf the Peri- 
chaetidae was the primitive condition ; but Professor Bourne has 
lately found that in Pericliaeta the young embryos have not got 
this continuous circle; it is only acquired later. 

Branchiae. — The Oligochaeta were called by Cuvier the 
“ Ann<$lides abranches s£tig6res.” But the epithet “ abranches ” 
is now known to be inaccurate. In fact it really was so when 
Cuvier wrote ; for naturalists were at that time well acquainted, 
chiefly through the elaborate work of O. F. Muller, with the 
little* fresh-water Naid Dero, the posterior extremity of which is 
provided with a varying number of branchial processes. These 
are furnished with looped blood-vessels and are covered exter- 
nally by cilia, so that the water containing oxygen is constantly 
renovated. The second instance of a gilled Oligochaete was 
discovered in the very same family. Professor Bourne 1 of Madras 
found in “ tanks ” a Naid which he named ChaetobraTichus , in 
which the head segments, to the number of fifty or so, are 
provided with long ciliated processes, which as a rule enclose 
the dorsal chaetae of their segments, and in addition a capillary 
loop. Curiously enough, this very same worm made its appear- 
ance in the Victoria regia tank at the Botanical Gardens in the 
Regent’s Park, whither it had in all probability been accidentally 
imported. T\yo members of the family Tubifieidae were the next 
examples of gilled Oligochaeta made known to science ; one 
of these, Branchiura sowerbyi? appeared also in the Botanical 
Gardens, so that its native home is unknown. It differs 
from Chaetobranchus in that the gills are at the posterior 
end of the body, and are contractile ; during the life of the 
worm they are in continual motion. A species of the South 
American genus Hesperodrilus , 8 H branchiatus , is also gilled, 
and, so far as can be made out from a spirit-preserved specimen, 
the gills are precisely of the same pattern and contractility as 
those of its ally Branchiura. Possibly Branchiura ought to 
be included in the same genus with Hesperodrilus. A worm 
which was originally described by Grube as Alma nilot\ca } 
should really have been placed before the three last-mentioned 

1 Quart. J. Micr. Sci.xxx i. 1890, p. 83. 2 Beddard, Ibid, xxxiii. 1892, p. 325. 

9 Beddard, Ann. Mag. Nat. Hist. (6) xiii. 1894, p. 205. 
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instandteS ; but as this worm was only known from a fragment, 
and as the description was not by 
afiy means full, it was not thoroughly 
believed in ; it was surmised that it 
might be a member of some marine 
genus, perhaps of the Capitellidae. 

Oddly enough, the same worm was 
independently described by a 
different name, Digitibranchus 
niloticus , a few years later by 
Levinsen. Quite recently Michael- 
sen has found by a reference to 
the original types that this worm 
is really gilled, and that it is speci- 
fically identical with a worm which 
had been given a totally different 
name, viz. Siphunogaster. The fact 
that the gills of the latter had 
been overlooked was readily ex- 
plained by the circumstance that 
they are retractile, and not merely 
contractile. But all the species of 
the genus Siphonogaster, or Alma, 
as it ought really, following the 
rules of priority, to be called, have 
not got gills, as is the case too 
with the genus Hesperodrilus. The 
gills of Alma are branched, and there is therefore no longer any 
justification whatever for defining the Oligoehaeta as a group of 
Annelids without gills. The simple gill-like processes of Chaeto- 
branchus might have been held to be not accurately compar- 
able to the more complex structures which we find in the marine 
worms. 

Nervous System. — The central nervous system of tin* 
Oligoehaeta is very uniform in its structure in the entire group. 
The only family which is at all anomalous is that of the 
Aphaneura. In Aeolosoma there appears to be only a pair of 
cerebral ganglia, which retain the primitive position of these 
organs in being still in direct connexion with the epidermis. 
In all other Oligoehaeta there are a pair of cerebral ganglia, 

VOL. II ' 2 a 



Fig. 189. — Transverse section through 
Branchinra sowerbyi . x ‘20. dJn\ 
Dorsal branch ia ; /, intestine ; ?/, 
nerve-cord ; t\br, ventral branch ia. 
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connected by a circumoesopliageal commissure with a ventral 
ganglionated cord. From the cerebral ganglia arises a system 
of nerve- fibres and nerve-cells, which represents the stomato- 
gastric nerves of o tlicr Invertebrates. 

Senses and Sense-Organs. — The only organs that can be 
regarded with anything like probability as sense-organs are the 
pigmented eyes of certain Nuids and the tactile cells of many 
worms. The latter are usually elongated cells provided at their 
free extremity with a stiff process; they occur associated in 
groups, and often these bundles of cells have a segmental arrange- 
ment. The head end of many of the lower Oligochaeta, for 
instance the genus Acolo&oma, has delicate processes projecting 
here and there ; these appear to be also of a tactile nature, and 
are of course connected with cells of the epidermis. The eyes of 
certain Naids are little more than lenticular bodies embedded 
in a mass of pigment. In the genus fludrilus and in many 
Eudrilidiie are peculiar integumental bodies, which were in- 
dependently discovered by Dr. Horst 1 and myself, and com- 
pared by us to the .Pacinian bodies of Mammals. Whether 
these structures are connected with nerves or not is doubtful. 
In spite of the poor development and the simplicity of their 
sense organs, the higher Oligochaeta at any rate can feel, and 
can distinguish light from darkness. Darwin 2 came to the 
conclusion that “ light affects worms by its intensity and its 
duration; ” And furthermore, it is only the anterior end of the 
body which is thus affected. Of the sense of hearing these 
animals appear to be utterly devoid. Some kept by Darwin 
“ took not the least notice of the shrill notes from a metal 
whistle, which was repeatedly sounded near them ; nor did they 
of the deepest and loudest tones of a bassoon.” But it is always 
necessary to discriminate between sound and vibrations passing 
through any solid body, which would appeal rather to a sense of 
touch. Here worms are most sensitive. It is quite easy, by 
digging with some vigour, to arouse the worms in the neighbour- 
hood, who will crawl to the surface and away from the scene of 
action ; a proceeding on their part which is sometimes put down 
to a desire to escape from their enemy the mole. v 

Smell appears to be another sense which is sofnewhat deficient. 

1 Mem. JS'uc. Zool . France , iii. 1890, p; 223. 

8 Vegetable Mould and Earthworms , London, 1881. 
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But worms are epicures, and exhibit a decided taste and preference 
for certain articles of diet. Like their fellow tiller of the soil, 
the agricultural labourer, worms have a keen relish for onions, 
which, however, they must recognise by 
the smell. They prefer green cabbage 
to red, celery to both, and raw meat 
appears to be the greatest delicacy that 
can be offered to them. It is only sub- 
stances they are not likely to meet 
with, such as perfumes, tobacco, and 
paraffin, that produce no impression 
upon the worm’s sense of smell. 

Coelom and Vascular System. — 

When ail earthworm is dissected the 
various organs are seen to lie in a. 
fairly spacious cavity, which is inter- 
rupted and divided into a series of 
chambers by the mesenteries or septa *i 
which stretch across from wall to wall 
of the body, and correspond roughly in 
their position to the grooves which XU! 
separate the body externally. This , 
cavity, common to all the higher 
animals, is known as the coelom ; it is XV 
lined by cells, which cover the intes- 
tines as well as the inside of the body- 
wall; and upon the intestine assume the wii 
form so characteristic of the group, 
namely, that of large yellow colls loaded 
with secreted matters, and called “ ehlora- y Ui . 190 .—AfKirgamphUm t unc- 

gogen-eells ” by Cluparcde. The coelom gj^TS^hSlirLviih 
communicates with the exterior by segments. 1, 4, 6, 1‘erivis- 
means of the dorsal pores, the ncphridia, 

and the ducts of the reproductive organs. 5, spermatheca ; s, sperm 
As in all animals which possess a coelom, vessels^ 

the reproductive tissues, ova and sperm, integumentary vessels, 

are developed on its walls. 

The vascular system of the Oligochaeta forms a system of 
perfectly closed vessels, which ramify into fine capillary networks 
in the body-wall, in the coats of the alimentary canal, and upon 
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the other organs of the body. The main trunks are a dorsal 
and a ventral longitudinal, which communicate directly in the 
anterior end of the body by large transverse contractile trunks, 
the so-called hearts (see Fig. 190, 6). The dorsal vessel is also 
contractile, but not the ventral, or, when it occurs, the sub- 
nervian. The vascular system has many degrees of complexity 
in different families ; it is simpler in the smaller aquatic forms. 
The blood is usually red, and the pigment which is suspended in 
the plasma is haemoglobin. The blood is corpuseulated. 

Excretory Organs. — There appears to be a great deal more 
variation in the structure of the excretory system than there is 
in many other groups. For a long time only Lumbricus and a 
few of the aquatic genera were known as regards their excretory 
systems. In these there is a pair of excretory organs or 
nephridia in nearly all the segments. These are much coiled 
tubes, in which it is always possible to recognise three divisions. 
The nephridiuin commences with an orifice of a funnel-like 
character, fringed with long cilia, and opening into the body- 
cavity ; from this springs a tube, whicli immediately perforates 
the septum lying between the segment which contains the 
funner and the following one; this tube has the peculiarity 
first pointed out by Claparcde of being excavated in the sub- 
stance of cells ; the glandular part of the ncphridium is a row 
of cells whicli are bored through by a continuous canal, the 
walls of which arc here and there furnished with cilia. It 
often happens that the main canal gives off minute lateral rami- 
fications, which may even form a kind of network round the 
principal canal. The terminal section of the nephridium is a 
muscular sac which opens on to the exterior by a pore, and from 
which the products of excretion are from time to time evacuated 
by contractions of its walls. This is a brief statement of the 
main facts in the structure of those Oligochaeta in which there 
is a single pair of nephridia to each segment of the body ; small 
differences of more or less importance occur. In Chaetogaster , for 
example, there is no trace of a funnel ; in some genera the 
terminal sac is much reduced or unusually extended, being even 
sometimes provided with a caecum of moderate dimensions. . In 
Acanthodrilus novae-zelandiac and a few other species the point 
of opening of the nephridia varies from segment to segment, 
though it always bears some relation to the chaetae. In these 
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species the nepliridia which open more dorsally are a little 
different in structure from those which open more ventrally. 
One set have a caecum, and the other have not. 

The nepliridia of the terrestrial forms are enveloped by a richly 
developed network of blood 
capillaries, which is absent (& ' 

in the smaller aquatic ! b I I 

«■— L ^ Mil' 

A very remarkable genus, >1 i I 

Brackydrilus , has lately been \ 1 ‘ ^ Ifj 

described by Dr. Denham, 1 ~ | 

in which each segment has 


life. 


two pairs of nepliridia in- 
stead of a single pair. More*, 
recently, certain Australian 
forms, which I propose to 
unite on this account into 
a genus Tvincphrus , have 
been discovered which have 
no less than three distinct 
and separate pairs in each 
segment. 2 

In many Megascolieidae 
there is a nepliridial system 
of a di Iferen t cl laraeter. 1 1 1 
Perichaeta when dissected 
the nepliridia appear, on 
account of their minute size, 
to be altogether absent. 






/n&SnC 




m 








There is, however, in most ria. 191.- Section through hody-wall of Mej/n .1 

IVrichsetid'ie in nmnv , ' oUdes austr,,H ^ hi ^‘ly magnified. (After 

X encnaetia.lt, 111 many Spencer.) 1, 4, 5, t>. Coils of nephridm ; 

Acailthodrilidae, and in 2, funnel ; 3, septum ; 7, external apertures, 

many Cryptodrilidae a mass 

of minute tubules which cover the inside of the body-wall, and 
open on to the exterior by innumerable openings ; there may be 
in a single segment one hundred or more of these external 
orifices, which are scattered about irregularly. It is at present 
uncertain whether these minute tubes are connected among 


1 Zool. Anz. xi. 1888, p. 72. 

2 See Fletcher, P. Linn . Soc. X.S.W. (2) iii. 1889, p. 1512. 
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themselves, thus forming a network passing through the septum 
and from segment to segment, or whether each tube is isolated 
from its fellows, and forms a distinct nepliridium, of which there 
are many in each segment and entirely separate. This is, how- 
ever, certain, that the complex nephridial systems of at any rate 
Octochaetus and Megascolides are derived from the multiplication 
of a single pair of tubes which are alone present in the embryo. 
In Perichaeta the minute nephridia are furnished with coelomic 
funnels ; in Octochaetus they are not, except in the case of 
certain nephridia which open into the terminal section of the 
intestine. 

Both at the anterior and at the posterior end the nephridia 
occasionally open into the alimentary canal. In various genera 
the first pair of nephridia are larger than the others, and open 
into the buccal cavity ; it seems likely that they serve as salivary 
glands. A somewhat similar condition of things exists in Peri - 
pat us (vol. v, p. 17). In Octochaetus multiporus , for example, 
there is a large tuft of nephridial tubes in the anterior region of 
the body, which opens by a long muscular duct into the buccal 
cavity. In the same species a good many of the nephridial 
tubes open into the posterior section of the intestine, reminding 
one of the anal vesicles of the Gepliyrea (p. 43 G) and of the 
Malpighian tubes of the Arthropods. 

In many Eudrilidae the ducts of the paired nephridia form 
a network in v the body-wall, which opens on to the exterior by 
many pores. 

Alimentary Canal. — The digestive tube is perfectly straight 
in nearly all Oligochaeta. Only in Plagiochaeta and a species 
of Disaster is it twisted in the intestinal region in a corkscrew- 
like fashion. The mouth is under the buccal lobe (where, as in 
the majority of cases, this is present) ; the anus is mostly ter- 
minal, or rarely, e.g, Criodrilus , a little in advance of the end of 
the body on the ventral side. In the simpler forms three regions 
can be distinguished, which are themselves simple in structure. 
The mouth leads into a buccal cavity, which in its turn 
opens into the pharynx ; the latter is muscular, with thick 
walls. The narrower oesophagus opens into the wider intestine, 
which opens posteriorly, as already stated. In the earthworms 
there is as a rule some complication. The oesophagus bears 
certain glandular appendages, the calciferous glands ; and a part of 
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it is modified into a gizzard. The gizzard is merely a portion of 
the oesophagus with very much thickened muscular walls and with 
a stout lining of chitin. It is not universally present among earth- 
worms, and when present varies much in position. The rule is that 
one gizzard only is present. In Digastvr, as is implied by the name, 
and in some other forms there are two in successive segments ; in 
Trigaster, as the name also indicates, there are three gizzards ; in 
Moniligaster and the Eudrilkls Jfgpcriodrilas and He! iodrilas there 
are four to six; and a few other forms also have a considerable 
number of gizzards. The calciferous glands are diverticula of 
the oesophagus with folded and sometimes ciliated walls ; their 
epithelium secretes calcareous particles, which are frequently of 
crystalline form. Darwin supposed that this secretion was provided 
in order to negative the humus-acids of the soil which is the food 
of earthworms. These organs are usually paired, but in the 
Eudrilidae there are unpaired as well as paired glands ; the 
unpaired calciferous glands lie ventrally. Those glands are totally 
wanting among the aquatic families, with the sole exception of 
the Enchytraeidae. In a few of these there are either paired or 
single glands of a very similar nature; Dr. Michaelsen has 
suggested that the function of these is rather absorptive than 
secretory. From the median unpaired gland of JJurhhoIzia arises 
the dorsal vessel, which at first forms a sinus round the glandular 
epithelium; the ex>itlielium, like that of tin*, nephridia, is perfor- 
ated by the ducts. In certain Oligochaeta there arc some curious 
modifications of the calciferous glands. Tn tittihlmannia. and a. 
few other Eudrilidae the oesophagus is beset with a larger number 
of paired structures than in any other genera of the family, whore 
the calciferous glands are more limited in number. These glands 
consist of a short tube lined with epithelium opening into the 
oesophagus. Round this is a mass of cellular tissue, but the out- 
lines of the constituent cells are lost ; the whole is permeated 
with abundant blood-vessels. This layer seems to be peritoneal, 
and the entire gland seems to have lost its function as a secretory 
organ, and to have taken on some function in connexion w ith the 
vascular system. An analogous modification is to be found 
among the Enchytraeidae. In certain forms there is a structure 
known as the cardiac body ; this is a chord of cells lying in the 
dorsal blood-vessel at the point* where it springs from the 
intestine. It is tempting to regard this cellular rod as being 
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the altered dorsal glandular pouch already spoken of, which is 
surrounded by a blood sinus. 

Reproductive Organs. — All the Oligochaeta are hermaphro- 
dite animals. But, as is the case with other hermaphrodites, the 
male and female organs are in many cases mature at different times, 
thus leading to a practical unisexuality. Many of the aquatic 
forms appear to have fixed times for breeding, which may be in 
the winter or in the summer ; but the earthworms are as a rule 
sexually mature the whole year round. Various accessory organs 
are developed in the majority of cases. In all, the reproductive 
glands lie in successive segments and are attached to the septa, 
from the peritoneal covering of which they originate. Their 
actual position differs greatly in different genera ; the position is 
constant only in the earthworms, where the testes are in the 
tenth and eleventh segments and the ovaries in the thirteenth, in 
exactly corresponding situations. A few earthworms have only 
one pair of testes. The only exception, among terrestrial forms, 
to the position of the generative organs is in the family Morii- 
ligastridae, which show so many other affinities to the lower 
forms of Oligochaeta. In this family the ovaries have moved 
one or two segments forward. Among the fresh-water families 
the position of the testes and of the ovaries is not so uniform. 
They are generally more anterior than in the terrestrial genera, 
particularly the ovaries. 

One of the^ehief differences between the Oligochaeta and the 
Polychaeta is that the reproductive organs of the former have 
special ducts to convey their products to the exterior. In Aeolo- 
soma , the only exception to this rule, Dr. Stoic 1 has shown some 
reasons for believing that certain nephridia, but slightly altered 
in form, serve as the conduits of the spermatozoa, whilst the 
ova are extruded through a pore upon the ventral surface of 
the body. In the Enchytraeidae the same pore for the extru- 
sion of the ova appears to exist ; but a nearer examination 
shows that it is really not a mere perforation of the integument, 
like the dorsal pores, for example, but that its internal orifice is 
fringed with cells which seem to represent a rudimentary oviduct ; 
perhaps Aeolosoma typifies a last stage in the reduction. Etfen 
so high in the scale as in the genus Nemertodrilus (Eudrilidae), 
there is an oviduct which can only be compared with that of the 
1 In Sitzungs-Bcr. Jiohm . Oes. 1889, p. 183. 
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Enchytraeidae. Elsewhere the oviducts are a pair of tubes with 
a wide, funnel-shaped, and ciliated mouth, which leads to the 
exterior by way of a ciliated tube of varying length. 

The sperm-ducts are of an essentially similar structure ; but 
they are commonly much longer, passing through a variable 
number of segments on their way to the exterior. In most earth- 
worms there are, moreover, two of them on each side instead of 
only a single pair, as is the case with the oviducts. Among the 
Tubificidae, Naids, and other aquatic families there are only two 
sperm-ducts, one on each side of the body. But this is not a 
character of the aquatic families, for the Lumbriculidae have 
generally two pairs, as in the earthworms. It is, however, a 
rule with hardly an exception, that among the aquatic Oligo- 
chaets the sperm-ducts open, as do the oviducts in all Oligo- 
chaets, upon the segments following that which bears internally 
the ciliated funnel. It is only in the Moniligastridue among 
earthworms that the sperm-duct only traverses two segments in 
its course. But where it is short as regards the actual distance 
traversed between the two extremities, the tube itself is com- 
monly long and coiled. 

Sometimes, as in our common earthworms, the sperm-duct 
opens directly on to the exterior of the body, the lips of the 
external orifice being swollen by the development of cutaneous 
gland-cells. In the majority of eases the sperm-duct or ducts 
open near or into a glandular structure which in earthworms has 
been called "prostate”; in the aquatic forms, on the other hand, 
“ atrium.” As these terms are objectionable from the different 
way in which they have been used for structures of Vertebrates, 
I have suggested for both the term “ spermiducal glands,” indicat- 
ing the identity of the structure in all Oligochaeta. The number 
of pairs of these glands varies, as does also their shape and size. 
The typical form is perhaps illustrated in the lower Oligochaeta, 
where there is but a single pair into which the sperm-duct or ducts 
of the same side open. The Naids, Tubificidae, Lumbriculidae, and 
Moniligastridae have a simple gland of this description on each side 
of the body. These glands may consist of a tuft of pear-shaped 
glandular cells attached to the organ at one side, as in most 
Tubificidae, or of a complete investment of gland -cells, as in 
Jfranchiura . Among earthworms it is only the Moniligastridae 
and the Eudrilidae in which the sperm-duct opens directly into 
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the end of the spermiducal gland ; in the Perichaetidae the gland 
is differentiated into two sections ; there is a muscular duct 
leading to the exterior, and a lobate glandular part, which is 
formed by a complicated branching of a single sac such as 
exists in the Tubificidae ; in the Acanthodrilidae and in many 

glands are of a tubular form 
and are not branched, though 
there is the same differentia- 
tion into a duct and a secreting 
portion. There are in the Acan- 
thodrilidae two pairs of these, 
and as many as three pairs in 
Dichogaster ; in the latter case 
in three successive segments. 
In the Acanthodrilidae the 
glands are upon the seventeenth 
and nineteenth segments. In 
most Cryptodrilidae the sperm- 
ducts do not open into the duct 
of the spermiducal gland, but 
on to the body- wall near to its 
orifice, the distance varying in 
different genera. I11 the Acan- 
thodrilidae the male pore is on 
the eighteenth segment, re- 
moved therefore by the distance 
of a segment from the aperture 
of either of the glands. It 
may be that a large series of 
structures which exist in Micro - 
chaeta lenliami 1 and in other Geoscolecids, and which have been 
termed copulatory glands, are the equivalents of the spermiducal 
glands. 

In many earthworms there are, at the external opening of the 
male ducts, bundles of specially modified chaetae, which have been 
called, from their supposed function, penial chaetae ; they are 
usually ornamented at the free end with spinelets or ridges, afid 
frequently offer valuable specific characters. In the Lumbricidae 
and the Geoscolicidae there are modified chaetae upon the 
1 See Dr. Rosa in A tin. Hofmns. Wien, vi. 1891, p. 879. 
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Fig. 192. — Diagrammatic longitudinal sec- 
tion of Lumbricus , showing the generative 
segments. x 8. (After Hesse.) up, 
Spermatliecal pore ; t, testis ; s.s, seminal 
sac ; sp.s, sperm-sac ; o, ovary ; e.s, egg- 
sac ; 9, female pore ; 6, male pore. 



XIII 


REPRODUCTIVE ORGANS 


363 


clitellum; in a few forms, such as, for example, Acanthodrilus 
schmardae, the spermathecae have bundles of similar ehaetae in 
their neighbourhood, often associated with glands not unlike the 
spermiducal glands. 

In most, perhaps in all Oligochaeta the sperm is not matured 
in the testes, or even in the body-cavity ; it is received into 
special sacs which are called sperm-sacs, 
and there ripens. These sacs, the vesi- 
culae seminales, have been shown to lie 
outgrowths of the septa; their cavity 
is thus a portion of the body-cavity 
shut off more or less completely from 
the general body-cavity. 

The reproductive organs of the 
Eudrilidae, iind particularly the female 
organs, are so divergent in many par- 
ticulars from those of other Oligochaeta 
that it is convenient to treat them 
separately. The testes are normal, save 
that they are often adherent to the 
posterior wall of their segment, as, how- 
ever, is the case with some other earth- 
worms. In many Eudrilidae, for in- 
stance in the genus Hyperiodrilus , the Vi 
funnels of the sperm-ducts are dependent 
from the anterior wall of the segment 
which contains them ; the narrow tube 
which follows projects into the segment 
in front, and is there immediately dilated into a wide chamber, 
which again narrows, and bending round, re-traverses the same 
septum ; the two ducts of each side (if there are two, which is 
not invariably the case) remain separate and open separately 
into the glandular part of the spermiducal gland. There is 
occasionally only a single median gland ; and as a general rule 
the two glands open by a median unpaired orifice. Penial cluietae 
may or may not be present. 

The structure of the female organs differs considerably in 
detail in the different genera. But Hyjieriodrilus may be taken 
as an instance of a genus in which these organs are as compli- 
cated as they are anywhere. The ovaries (Fig. 193, 4) are 



. 193. --Female reproductive 
organs of Jlyperim! rilu.\ 

XII -XV, Segments of tli 
body ; 1, spermathecal sac 
2, egg-sac ; 3, spermatlieca ; 
4, ovary. 
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perfectly normal in structure and in position. So also are the 
oviducts ; but both are enclosed in sacs which communicate in 
rather an elaborate fashion. Each ovisac is somewhat rounded 
in form, and the two communicate by a narrow tube ; from the 
ovisac also arises another narrow tube, which soon dilates into 
a chamber lying in the thirteenth segment ; this contains the 
mouth of the oviduct and is continuous with the egg-sac ; the 
latter is quite normal in position. Beyond the egg-sacs the two 
tubes unite round the intestine and open into a large median sac, 
which contains sperm and may be called the spermathecal sac 
(1). There is, however, a true spermatheca, single and median. 
This opens on to the exterior in the middle of the thirteenth 
segment, but lies chiefly in the right-hand sac behind the ovarian 
portion of the same. I never found this spermatheca to con- 
tain sperm. Dr. Rosa inferred on anatomical grounds, and I 
have been able to prove developinentally (in Libyodrilus ), that 
these sacs which involve the ovaries and oviducts, and which also 
contain sperm, are derivatives of the septa ; that in fact the spaces 
which they enclose are eoelomic. In some Eudrilids these sties 
are the. only “ spermathecae ” ; in others, as in Hypcriodrilus , 
there are in addition blind pouches lying within them which 
must be regarded as true spermathecae ; these are smaller in some 
than in others. In fact there are various transitions in the entire 
replacement of true spermathecae apparently homologous with 
those of othci K earthworms by pouches which are derived from 
the septa, and which are therefore of an entirely different morpho- 
logical significance ; here is an excellent case of the substitution 
of organs, analogous to the replacement of the primitive noto- 
chord of the Vertebrate by the vertebral column. 

So far as is known, all the Oligochaeta deposit their eggs in 
special chitinous cases, the cocoons. They share this peculiarity 
with the Hirudinea. The cocoons have long been known, but 
were originally mistaken for the eggs themselves. The cocoons 
contain several eggs and a variable quantity of albumen for the 
nutrition of the growing embryos. In the majority of earth- 
worms they are more or less oval with projections at the two 
ends, and are of a brownish colour. In others the tint is rather 
to be described as green. The genera Criodrilus and Spargano- 
philus have a cocoon which is greatly elongated. These struc- 
tures seem to be undoubtedly formed by the clitellum, the earlier 
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opinion of D'Udekem being that they were the product of 
certain glands developed in lumbrieus at the breeding season, 
which he thence called the capsulogenous glands. It is more 
probable that these glands, which have been up to the present 
but little investigated, are the seat of the formation of the 
albumen which is found within the cocoons. The cocoons are 
deposited at varying depths in the ground, or on the surface. 
Among the aquatic genera they 
are often attached to aquatic 
plants. The process of forma- 
tion has been carefully watched 
by Vejdovsky 1 in the genus 
Rhynchelmis. The worm throws 
off the cocoon over its head, 
crawling backwards to free itself 
therefrom. The eggs, sperma- 
tozoa and albumen, reach the 
interior of the cocoon as it 
passes over the orifices of the 
respective ducts. Out of the 
numerous eggs which a single 
cocoon originally contains, only 
a few, sometimes only one, 
reaches to maturity. Among 
the Enchytraeidae, however, quite a large number of young 
emerge from a single cocoon. The development of all the Oligo- 
chaeta is direct, there being no free larval stage. It seems to 
be the rule for a process of fission to take place in the embryos 
of Allolobopliora trapezoides 2 at least, according to the observa- 
tions of Vejdovsky, in warm weather. In cold weather he found 
in each cocoon as a rule single embryos, and only 10 per cent of 
double embryos. 

Habitat. — Earthworms are found in almost every part of 
the world where they have been looked for. They occur far to 
the north, in Siberia and Nova Zembla, 3 while South Georgia 
and Kerguelen mark their southern limits. From arid tracts 
of country they are naturally absent, and also, which is more 



Fhj. 194. — Cocoons of Ltunbricidai*. (After 
Vejdovsky.) A, Linn hr tens rnhell ns, 
nut. size and x3 ; B, AllHnts % imt. size 
ami x 6 ; C, Allototiojjhoni fortula, nut. 
size and x 3. 


1 Entimckelungsgeschichtliche Untersuchungen , Prag, Heft i. 1888, p. 33. 

2 See Kleinenberg, Quart . J. Jticr. Sci. xix., 1879, p. 206. 

3 Both Col. Feilden and Mr. Trevor-Battye found specimens in Kolguiev. 
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curious, from certain districts of North America. In the 
tropics these animals seem to be on the whole less abundant 
than in more temperate climates. But this deficiency of indi- 
viduals is counterbalanced by the greater variety of generic 
and specific types. From tropical Africa, little explored as it 
has been from this point of view, no less than thirty genera, 
including about ninety species, have been recorded; whereas 
in Great Britain only four genera and seventeen species occur, 
and in all probability but few remain to be discovered. The 
vertical range of these Annelids is also considerable. Several 
species have been met with in Euix>pe and elsewhere at an alti- 
tude of 10,000 feet. 

For the bulk of the species the term earthworm is an accurate 
description of their habitat. But there are not a few which 
occasionally or habitually prefer other localities. The genus 
Allarus is equally at home in soil or in water ; I have taken it 
in the fast - flowing river Plym in Devonshire. The genus 
Acantliodrilus includes a few species which have at present only 
been met with in water ; A. schmardae comes from fresh water 
in Queensland, A . stagnalis from ponds in South America ; A. 
dalei is like Allurus in that it is to be found both on land and 
in streams and ponds. The Enchytraeidae are just as amphibious ; 
Criodrilus and Sparganopliilus appear to be. purely aquatic. A 
more curious locality for a creature that is so characteristically 
terrestrial is (he margin of the sea. For a long time a species 
belonging to a peculiar genus Pontodrilus has been known from 
the shores of the Mediterranean in the neighbourhood of Nice. 
It lives there among seaweed above high-water mark, but it must 
at least occasionally be splashed by the waves. Another species 
of the same genus occurs on the coast of Brazil and some of the 
West Indian islands ; Pontoscolcx coretkrurus and Diachaeta 
littoralis were described by Schmarda 1 from the shores of 
Jamaica. The former species is one of the most widely distri- 
buted of earthworms, and, except in this particular part of the 
world, has been always taken on the land far from the sea. There 
are also partly marine forms among the Tubificidae ; CliteUio 
arenarius is common on our coasts. 

While there are several kinds of earthworms that are thus 
met with in fresh water, others will live for some time submerged 
1 Neuc wirbcllvse Thiere , Leipzig, ii v 186I, p. 11. 
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in water. Terrier found by experiment that various species 
could undergo with impunity a prolonged immersion in water, 
and I confirmed his experiments myself with a common species 
of Allolobophora. A correspondent of “ Nature ” stated that a 
certain number of species (not particularised) of eartli worms in 
Ceylon could suffer with impunity the effects of sea-water. The 
importance of this fact will be again dealt with in considering 
the geographical distribution of the group. 

Among the aquatic genera of Oligocliaeta we do not as a 
rule meet with amphibious species. The Enchytraeidae however, 
as already mentioned, are an exception ; so too appears to be 
the genus Plireoryctcs , which in its structure is to some extent 
intermediate between the earthworms and the aquatic families. 

Terrestrial and Aquatic Forms. — There are many obvious 
structural peculiarities which would prevent the normally aquatic 
worms from being thoroughly at home on dry land. The gills 
of Brancliiura and the other gilled species would be injured, in 
all probability, by friction with the earth ; the delicate and long 
chaetae of Naids and Tulrifex are also most unsuited for progres- 
sion through dry soil ; and it is to be noted that those Oligo- 
cliaeta, which, belonging to aquatic groups, are yet found away 
from water, have chaetae of the simple sigmoid pattern which 
characterises the earthworms. 

There are other peculiarities found only in the aquatic species 
which have not so obvious a relation to their habitat, in 110 
genus that is mainly aquatic in habit are the ova small and 
nearly unprovided with yolk as in Lumbricus ; the ova of aquatic 
forms are invariably large and filled witli abundant yolk. 

The more delicate organisation of the aquatic Oligochaeta is 
not so hard to understand. The comparatively unresisting 
nature of the medium in which they live, water or fine mud, 
does not necessitate so strong a development of the layers of the 
body-wall as is essential to the earth-living forms, which have 
also thick septa in the anterior region, to protect the organs of 
reproduction as the strong muscular contractions of the body force 
the worm's way through the dense soil. With the weak structure 
of the integument are perhaps also correlated the simplicity of 
other organs of the body in the aquatic Oligochaeta. With thin 
body- walls, through which gases can diffuse with great ease, there 
would seem to be less need for the development of a system of 



368 


OUGOCrtAETA 


CHAP. 


integumental blood capillaries. These are indeed for the most 
part absent in the aquatic forms, being only faintly developed in 
a few, an example possibly of degeneration. 

Earthworms and the Soil — Darwin has explained . the 
enormous effects which these soft -bodied and small creatures 
have had .upon the superficial structure of the earth. Their 
castings, brought up to the surface, are blown about by the wind 
when dry, and are thus spread over the ground in a fine layer. 
It lias been calculated that in the space of an acre *2 of ah inch 
in thickness of earth is annually brought to the surface. It is 
clear therefore that in a long period of years there would be a 
very large effect produced. On the sides of a hill this matter 
brought up from below would tend to roll down the slopes when 
dry, and would increase the debris carried away to thef sea by 
streams and rivers, so that continents formerly deposited under the 
sea may owe no small proportion of their size to the continued 
work of earthworms in past ages. 

Darwin lias also pointed out the benefits t.o the agriculturist 
which accrue from the industry of these Annelids. The soil is 
thoroughly mixed and submitted to the action of the atmosphere. 
The secretions of the worms themselves cannot but have a good 
effect upon its fertility, while the burrows open up the deeper- 
lying layers to the rain. Mr. Alvan Millson, 1 in detailing the 
labours of the remarkable Yoruba worm ( Siphonogaster millsoni 
Heddard), hints that they may serve as a check upon the fatal 
malaria of the west coast of Africa. J5y their incessant burrow- 
ings and ejecting of the undigested remains of their food many 
poisonous germs may be brought up from below, where they 
flourish in the absence of sunlight and oxygen, and submitted to 
the purifying influence of sun and air. 

Phosphorescence. — Phosphorescence has been observed in 
several species of Oligochaeta. The most noteworthy instance 
of recent times is the discovery by Giard of the small worm 
which he called Photodrilus phosphoreus at Wimereux. During 
damp weather it was sufficient to disturb the gravel upon the 
walks of a certain garden to excite the luminosity of these 
Annelids. In all probability this species is identical with one 
whose luminosity had been noticed some years before (in 1837) 
by Dugcs, and named by him Lumbricus phosphoreus . According 
1 Kcw Bull. Misc . Information, No. 46, 1890. 
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to Giard, the light is produced by a series of glands in the 
anterior region of the body debouching upon the exterior. This 
same worm has since been found in other localities, where it has 
been ehown to be phosphorescent, by Moniez 1 and by Matzdorf. 2 
It is remarkable that in some other cases the luminosity, thougli 
it exists, is very rarely seen. The exceedingly common Brandling 
(Allolobophorafoetida) of dunghills has been observed on occasions 
to emit a phosphorescent light. This observation is due to 
Professor Vejdovsky, 3 and was made “ upon a warm July night of 
1881.” He thinks that the seat of the light is in the secretion 
of the glandular cells of the epidermis, for when this and other 
worms are handled the phosphorescence clings to the lingers, as 
of course does- the mucous secretion voided by the glands. 

Phosphorescence has been observed also in some other families 
of Oligochaetes. The late Professor Allen Harkcr noticed a small 
worm in marshy ground in Northumberland which emitted a 
distinct light, and which was subsequently identified as a member 
of the family Enchytraeidae. 

Geographical Distribution . 4 — In the succeeding pages some 
of the details of the geographical range of the Oligochaeta will be 
found. The present section deals with a few generalities, which 
appear to result from an examination of the facts. 

As to the aquatic genera but little is known at present with 
regard to their range ; they have not been widely collected in 
extra-European countries. What little is known points to the 
conclusion that while many parts of the world have their peculiar 
genera (such as Jfesperodrilus in South America, Phreodrilus 
and Pelodrilus in New Zealand), some of the common European 
species are widely distributed. I have, for example, received 
Henlea ventriculosa from Kirghiz Tartary, and from New Zealand; 
and a New Zealand Tubifex appeared to me to be indistinguish- 
able from the common T. rivulorum of our rivers and ponds. It 
is possible that these and similar instances may, at least in some 
cases, be due to accidental importation at the hands of man, a 
matter into which we shall enter later. But the aquatic genera 
have, many of them, facilities for extending their range in a natural 
fashion, which are greater than those possessed by earthworms. 

1 Bev, Biol . Nord France , i. 1889, p. 197. 2 SB, Ges. naturf. Berlin, 1893, p. 19. 

3 System u. Morph, d. Oligochaeten , Prag, 1884. 

4 See my text-book of Zoogeography (Cambridge, 1895) for fuller treatment. 
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It has been pointed out that the chaetae of the aquatic Oligo- 
chaeta are generally hooked at the extremity and bifid, which 
would give them a greater chance of holding on to the feet or 
feathers of aquatic birds ; I am not myself disposed to lay much 
stress on the possibilities of migration by these means, since the 
tender bodies of the small worms would be liable to be soon dried 
up by wind while in the act of migration. More likely in 
every way is a migration when enclosed in the cocoon. The 
cocoons being small, and often deposited at the edges of ponds 
frequented by aquatic birds, there would be many chances of 
their being carried away with tolerable frequency ; moreover, as 
Dr. Miehaelsen has pointed out, the cocoons of some species, 
particularly among the Enchytraeidae, contain a large number of 
embryos ; so that when such a cocoon reached a foreign shore 
there would be a better chance of the species establishing itself 
there. I have referred elsewhere 1 to the singular habit of 
forming a temporary cyst which characterises one species of the 
genus Aeolosoma ; this would perhaps tend to facilitate its trans- 
ference in the way indicated from one spot to another. 

Earthworms, on the other hand, have not such easy means of 
travelling from country to country; the assistance which the 
cocoons in all probability give to the smaller aquatic Oligo- 
cliaeta cannot be held to be of much importance in facilitating 
the migrations of the earthworms. In the first place, the animals 
themselves are of greater bulk, and their cocoons are naturally 
larger, and tlius less easy of transportation. Secondly, they are 
deposited as a rule upon dry land, where the chances of their 
sticking to the feet of birds would be less ; and thirdly, they 
are often deposited deep in the ground, which is a further bar to 
their being taken up. Another possible method by which earth- 
worms could cross the sea is by the help of floating tree-trunks ; 
it is, however, the ease with many species that they are fatally 
injured by the contact of salt water. There are, it is true, a few 
species, such as Pontodrilus of the Mediterranean coast, which 
habitually live within reach of the waves ; but with the majority 
any such passage across the sea seems to be impossible. 2 On the 
other hand, rivers and lakes are not a barrier to the dispersal, of 
the group. There are a few species, such as Allurus tetragonurus. 


1 Ann. May. Nat. Hist. (6) ix. 1892, p. 12. 

2 Darwin, Vegetable Mould and Earthworms , p. 121. 
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which live indifferently on land and in fresh water ; and even some 
habitually terrestrial species can be kept in water for many weeks 
with impunity. A desert, on the other hand, is a complete barrier ; 
the animals are absolutely dependent upon moisture, and though 
in dry weather the worms of tropical countries bury themselves 
deep in the soil, and even make temporary cysts by the aid of their 
mucous secretions, this would be of no avail except in countries 
where there were at least occasional spells of wet weather. 

The range of the existing genera and species is quite in 
keeping with the suggestions and facts already put forward. But 
in considering them we must first of all eliminate the direct 
influence of man. Every one who studies this group of animals 
knows perfectly well that importations of plants frequently con- 
tain accidentally-included earthworms; and there are other ways 
in which the transference of species from one country to another 
could be effected by man. There are various considerations which 
enable us to form a fair opinion as to the probability of a given 
species being really indigenous or imported. Oceanic islands 
afford one test. There are species of earthworms known from a 
good many, but with a few exceptions they are the same species 
as those which occur on the nearest mainland ; in those cases 
where it is supposed that the animal inhabitants have reached an 
oceanic island by natural means of transit, it is a rule that the 
species are different, and even the genera, are. frequently different. 
That the bulk of them are the same seems to argue either 
frequent natural communication with the mainland or a great 
stability on the part of the species themselves. It is more 
l>robable that the identity is in this case to be ascribed to 
accidental transference. 

Another argument comes from the distribution of the family 
Lumbricidae. This family forms the bulk of the earthworms of 
the European and North American continents. But they are 
also found all over the world. With one or two exceptions, such 
as Allolobophora moebii , from Madeira, the extra-north -temperate 
species are identical with those found within that region. Now, 
if the migration had been by natural means there would surely in 
the lapse of time been some differentiation of species. Further- 
more, Dr. Michaelsen has pointed out that in South America the 
presumably European forms (i.e. Lumbricus and Allolobophora) are 
found upon the coast and in cultivated ground ; it is inland that 



372 


OLIGOCHAETA 


the presumably indigenous species are met with. This again 
looks very like accidental transference. 

A mapping of the world in regions indicative of the dis- 
tribution of earthworms produces a result which is slightly 
different froyi the accepted division. North America, Europe, and 
Northern Asia so far as is known agree in having as their 
distinctive earthworms the family Lumbricidae, which is very 
nearly the only one represented in these parts of the world. 
The majority of the species are common to the two con- 
tinents ; there cannot, in fact, be a separation of Nearctic and 
1 ’ulaearctic ; we must accept the Holarctic region of Professor 
Newton. The Ethiopian region, on the other hand, is quite as it 
is in other groups, being bounded to the north by the desert of 
Sahara. The Neotropical region is quite distinct, and includes 
Central as well as South America, and the West Indian islands, 
even the Bermudas. It is, however, a question whether the more 
southern portions of the continent should not be cut off from the 
rest and joined with New Zealand, to form an Antarctic region. 
Tn these two countries, and also in Kerguelen and Marion 
Islands, the prevailing genera are Acanthodrilus and Micros*: ol ex. 
In America Acanthodrilus is found nowhere but in the more 
southern regions of the southern continent, as well as in the 
Ealklands and South Georgia. New Zealand is characterised by 
other genera of Aoanthodrilids besides Acanthodrilus itself ; but 
the bulk of the species belong to the latter genus. Acanthodrilus 
also occurs (three species only) in Queensland and at the Cape of 
Good Hope. Microscolex is rather more widely dispersed, being 
found in other parts of America and in Europe, the island of 
Madeira (? accidentally imported) ; but it is undoubtedly chiefly 
concentrated in South America and in New Zealand. Apart 
from New Zealand, which, as already said, can only be doubtfully 
referred to the Australian region, the latter appears to form one 
with the Oriental region (to which, on account of its Perichae- 
tidae, Japan should be added) of other writers. There is, so far 
as earthworms are concerned, no “ Wallace’s line ” at all. The 
characteristic genera Perichaeta and Megascolex range from one 
extremity of the Indo- Australian region to the other. It is tfue 
that Cryptodrilus and Megascolides are limited to Australia itself 
(with the apparent exception of a species or two in America, for 
I can hardly separate Argilophilus of Eisen from Megascolides') \ 
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but they are not at all well-defined genera, and indeed the generic 
distinctions of the whole family Oryptodrilidae are not in a 
satisfactory condition. 

Classification. — The Oligochueta do not shade into the Poly- 
chaeta so imperceptibly as might be inferred from the current 
schemes of classification. Apart from minor points, which are 
not universally characteristic of the two groups, though never 
found except in one or the other, the Oligochueta are to be 
defined by the complicated reproductive system ; although in a 
few undoubted Polychacts there is a faint approach to this in the 
specialisation of some of the nephridia as sperm -receptacles and 
even as sperm-ducts. But nowhere among the Polycliaeta are 
there the diversified sperm-ducts and oviducts, spermathecae and 
sperm-sacs, that are universal among the Oligochaeta. More- 
over, no Polychact has a clitellum, which is so distinctive, of the 
Oligochaeta, and of their near allies the Leeches. Dr. Kisig lias 
compared the glandular modification of the integument at the 
mouths of the sperm-ducts in the Oapitellidae to the beginnings 
of a clitellum. This may be the case, but it is, in my opinion, 
more comparable to the similar glandular spots at the male pores 
in earthworms. The reproductive glands in the Oligochaeta. 
(save for a few apparently abnormal cases) are restricted to at 
most two pairs of each, which occur in the same individual ; the 
Polycliaeta being dioecious. There is, in short, no form known 
which cannot be definitely referred to either the Polycliaeta or 
the Oligochaeta, excepting perhaps Ctenodrilus, the anatomy of 
whose reproductive organs is at present unknown. 

It is a difficult task to classify the different families of the 
Oligochaeta ; and to enter into the historical aspect of the matter 
would take too much space. 1 am myself disposed to divide them 
first of all into two main groups, for which I use Dr. Benham’s 1 
names of Microdrili and Megadrili. 

The Microdrili are, as a rule, small and aquatic in habit; 
they have short sperm-ducts which open on to the exterior in 
the segment which immediately follows that which contains the 
internal aperture ; the clitellum is only one cell thick ; the egg- 
sacs are large ; the epoch of sexual maturity is at a fixed period. 
This group, to my thinking, includes the Moniligastridae ; 
although Professor Bourne has denied my statement with regard 
1 “An Attempt to classify Earthworms,’* Quart. J. Mier. Sci. xxxi. 1890, p. 201. 
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to the clitellum, and in this ease it is not so easy to decide 
their systematic position. 

The Meuadiuli are characterised by the precisely opposite 
characters. The sperm-ducts are longer ; the clitellum is com- 
posed of many layers of cells ; the egg-sacs are rudimentary ; 
sexual maturity appears to be more or less continuous. 

There is, however, a substantial agreement about the families 
which L here adopt, which may be fairly taken to express our 
present knowledge of the Order. For fuller details the reader is 
referred to my Monograph of the Order OligochaetaJ 


I. Microdrili. 


Fam. 1. Aphaneumr — This name was originally given to the 
present family by Vojdovsky ; the family contains a single genus, 
Arolosonut, of which there are some seven species. The name is 

taken from, perhaps, the 
most important though 
not the most salient 
characteristic of the 
worms. The central 
nervous system appears 
in all of them to be re- 
duced to the cerebral 
ganglia, which, moreover, 
retain the embryonic 
connexion with the epi- 
dermis. The worms of 
the genus are fairly 
common in fresh waters 
of this country, and they 
have been also met with 
in North and South 
America, and in Egypt, 
India, America, and 

Fio. 195. — . 1 eolosoma hemprich i i dividing transversely. tTonical Africa. They 
x 30. (After Lankester.) * ' 

are all small, generally 
minute (1 to 2 mm. long), and have a transparent body variously 
ornamented by brightly-coloured oil globules secreted by the 
1 Oxford,' 189ft. 2 See especially Vejdovsky, Syst. v. J lorph. Oliy • l* ra gi 1884. 
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epidermis. These are reddish brown in A . quaternarium , bright 
green in A. variegatum and ^4. headleyi , in the latter even with a 
tinge of blue. In the largest species of the genus, A tenehrarum 
they are olive green. In A . ni reuni the spots are colourless, and 
A. variegatum lias colourless droplets mixed with the bright green 
ones. Fig. 195 shows very well the general appearance of the 
species of this genus. The body has less fixed outlines than in 
most worms, and the movement of the creatures is not un- 
suggestive of a Planarian. As the under side of the prostomium 
is ciliated, and as the movements of these cilia conduce towards 
the general movement of the body, the resemblance is intelligible. 
One species of Aeolosoma , at any rate, has a curious habit which 
is unique in the Order. At certain times, for some reason at 
present unknown, the worm secretes a chitinous capsule, inside 
which it moves about with considerable freedom ; these capsules 
when first observed were mistaken for the cocoons of the worms ; 
they are really homologous with the viscid secretion which the 
common earthworm throws off when in too dry soil, and with 
which it lines the chamber excavated in the earth in which it is 
lying. The worms of this genus multiply by fission ; sexual 
reproduction has been but rarely observed. 

Fam. -. Enchyiraeidae . } — This family consists at present of 
rather over fifty well-characterised species, which are distributed 
into eleven genera. It is common in this country and in Europe 
generally ; it has been met with in Spitsbergen and the extreme 
north ; it occurs in the American continent from the north to the 
extreme south; it is also an inhabitant of New Zealand. The 
worms of this family are nearly always of small si/e, sometimes 
minute ; they never exceed an inch or so in length, and that is a 
rare occurrence. They are equally at home in water and in soil, some 
species being common to the two media; a few are marine or littoral 
in habit, while others arc parasitic in vegetable tissues. Like most 
earthworms, and unlike the majority of aquatic worms, the chaetae 
are without a bifid termination; the body-wall, too, is compara- 
tively thick. The perivisceral fluid is often (as in certain Nanis) 
loaded with elliptical or rounded corpuscles. Kesemblances to 
earthworms rather than to the aquatic families of Oligochaeta 
are suggested by the long distance which separates the spenna- 

1 Vejdovsky, Monograjfhie der Hiichytraeidcn, Prag, 1879. Micliaelsen, “Synopsia 
drr Eiurhytraiden,” Abh, Vcr. Hamburg , xi. 1889, |>. 1. 
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thecae from the male pores (segments 5 and 12), and by the 
paired or unpaired glands that have been already compared to the 
ealciferous glands so universally present among earthworms. On 
the other hand, the male ducts are confined, as in the lower 
Oligocliaeta, to two segments, upon one of which the internal, 
upon the other the external orifice is situated, and the oviduct is 
reduced to a simple pore, as in Naids ; but this may be merely 
a matter of convergence by degeneration. Perhaps the most 
remarkable t genus in the family is Anachneta , which has no 
chaetae, but in their place a large cell projecting into the body- 
cavity, which appears to represent the formative cell of the 
cliaeta. The integument of this genus contains true chlorophyll, 
according to Vejdovsky. 

A singular character, found, however, also in Rhymhehnis and 
tS Udroa among the Lumbriculidae, is the opening of the sper- 
mathecae into the alimentary canal. This was originally dis- 
covered by Dr. Michaelscn, but lias been abundantly confirmed. 

Stermtus is a singular genus which was originally found in 
manure, and has the peculiarity that the alimentary canal is often 
aborted'; this degeneration seems to bear some relation to the food 
and conditions of life. 

Kam. DiscodrU idac} — This family consists of small para- * 

sitic forms which were at one time assigned to the JTirudinea ; 
there seems, however, to be no doubt that they are rightly 
included in the present Order. Bramliiobdella is found upon 
the gills of the Crayfish, A slums jluviatilis ; the American 
Bde/lodn'f us upon Camharus. The chief reason for the former 
inclusion of these worms among the leeches was due to the 
absence of chaetae and to the presence of chitinous jaws and of 
suckers; apart from thfcse structures there is nothing whatever 
leech-like about the worms. BdeUodrilus has two pairs of testes 
in segments 5 and G ; there are two pairs of sperm-ducts, all 
opening, however, by a common “atrium” on the sixth seg- 
ment; on the fifth opeii a pair of spermathecae, likewise by a 
common pore. The ovaries are in segment 7, and the ova escape 
by a pair of pores apparently like the single pore of the Enchy- 
traeidae. The entire worm consists of only eleven segments. 

Fam. 4. Phrcoryvtidaer — This family contains only two 

1 1\ Moorr, “The Anatomy of BdeUodrilus^ J . Morphol. x. 1895, p. 497. 

a Berldard, Trans. Jioij. Sue. Edin. xxxv. 1890, p. 629, and xxxvi. 1892, p. 1. 
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genera, Plireoryctcs and Pelodrilvs. The former is widely spread, 
occurring in Europe, North America, and New Zealand. Pdo- 
drilus is limited to New Zealand. Most species of Pkrmryvtes are 
distinguished by their extraordinary length and thinness, and 
there is frequently a tendency to the disappearance of the chaetae. 
The most important anatomical fact about Ph reoryvtrs (at any 
rate P. smithii ) is that there are two pairs of ovaries as well as 
two pairs of testes, and that the ducts of all are simple and very 
much alike. . This seems to argue the low position of the family 
in the series. 

Fam. o. Naido morpha } — This family contains eight or nine 
genera, perhaps more ; they an; all of them aquatic and of small 
size, and they multiply by fission as well as sexually. The most 
noticeable peculiarity of the family is the “ ceplmlisation ” which 
occurs in the head segments. In some genera, in Print inti for 
example, there is no such cephalisation to be observed; but in 
others the dorsal bundles of chaetae commence a lew segments 
farther back than the ventral, the segment where they commence? 
being different and characteristic in the various genera. Thus in 
Peru the first four segments are without dorsal chaetae, and in 
Xais the first five are in this condition. There, is thus a kind 
of “ head ” formed, whence the expression “cephalisation.” .Item, 
Xais , and Pristina are commonly to be met with in ponds, lakes, 
cstc., in this country. Bohnnilla is rarer, and is to be dis- 
tinguished by the remarkable serrated chaetae of the dorsal 
bundles. Of Dero and Xais there are a considerable number 
of different species ; indeed it is usual perhaps to regard as 
distributable among three genera, Xais, Sttylnria, and Star inn, 
the species which T am disposed to place in one genus, Xais. 
Btylaria is defined on this view by its extremely long prostomium, 
which has given rise to both its popular and technical names. 
“ Die gezungelte Naide ” was the term applied by one of its 
earliest investigators, and the name >S Mylar in jmdnmvidm signifies 
the same peculiarity. But as the same inordinately long “ pro- 
boscis ” occurs in the South American Pristina pmhascidai, 
belonging to a genus of which the other member does not possess 
so well developed a prostomium, it seems too variable a character 
upon which to differentiate a genus. Ckactogaster and Amphi- 

1 A. G. Bourne, “ On the Naidiform Oligochaeta,” Quart. J. Jtficr. Set. xxxii. 
1891, p. 335. 
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chactti have been placed by some systematists in a separate family. 
The first named contains four species which are fairly common. 
It is one of those worms in which the chaetae are not exactly 
related to the segmentation of other organs, which moreover 
sometimes show an independence in their segmentation ; thus 
there are more nerve ganglia in the anterior segments of the body 
than there are septa. 

Fam. (j. Tubijieidae. — The worms belonging to this family 
are of small size, and are all inhabitants of fresh or salt water, or 
the margins of pools and the sea. They differ from the last family 
in that asexual reproduction never occurs, and that the reproduc- 
tive organs are situated rather farther back in the body. The 
male pores are upon segment 11, and the oviduct-pores upon the 
following segment. This family differs from the Lumbriculidae 
in the fact that there are only a single pair of sperm-ducts. 

The earliest known Tubificid was the common Tubifex riru- 
lornm, so widely dispersed in this country and elsewhere ; but 
with it was at first confounded the somewhat similar genus 
Limnodrilus, which only differs in that the chaetae are all of the 
cleft variety, and never capilliform, as in Tubifex . The genera 
are mainly distinguished by the characters of the chaetae and of 
the male ducts. At the base of the series perhaps lies Ifyodrifus , 
which has many points in common with the Naids. The form 
of the terminal chamber into which the sperm-duct opens has the* 
same simplicity hs in that group, and the intestine is surrounded 
with a network of blood-vessels as in the Hauls, a structure which 
is otherwise wanting in the Tubilicidae. The development of 
the ova also is upon a plan which is met with in the Maids. 
The atrium (see p. 361) becomes more complicated in other 
Tubificidae. The extremity also is as a rule modified into a 
retractile penis. The discrete “ prostate,” of which we have 
already spoken, marks out a considerable number of genera, such 
as Tubifex , Limnodrilus , Spiro&pcrma, Hemi tubifex. In the marine 
Clitellio there is no such structure at all, and it is also wanting 
in the South American Hesperodrilus . In Branehiura there is a 
complete prostatic investment of the atrium, and in Telmatodrilus 
a large number of separate aggregations forming as many distinct 
prostates. Vermieulus , a genus consisting of but one species, 
found by Mr. Goodrich on the sea-shore in the neighbourhood 
of Plymouth, is remarkable for the unpaired character of the 
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generative organs, a peculiarity which is shared hy Stole's genus 
Bothrio neuron. The gills upon the posterior segments of 
Branch i n m sowerhyi and Ilesperudrilus branchiatua have been 
already noticed above (p. 35^). A very aberrant genus, perhaps 
not rightly referable to this family, is Phreadril us} from New 
Zealand, first collected in water from a subterranean spring, it 
differs from all other Tubiticids except Jfrsprrodril us in that the 
spermathecae lie behind the male pores, a state of affairs which 
is met with in the Lumbriculidae. Another singularity of 
structure concerns the sperm -duct, which is wrapped in a thin- 
walled sac, which has every appearance of being simply the 
outer muscular wall of the duct. Within this are the compli- 
cated coils of the duct, and also a quantity of free spermatozoa, 
whose inode of ingress is difficult to understand. Many of the 
Tubificidae live in tubes fabricated by themselves, whence, the 
tail end protrudes. The integument in more than one species is 
vascular. This intcgumental blood system, universal among the 
earthworms, appears to be restricted to the present group among 
the Limicolae of Glaparede. 

Fam. 7. Lu mbricn lid arr — This family is not a large one, and 
is nearly limited in range to Europe and North America; indeed, 
if we omit the doubtful AH u widen, entirely to the Palaearctie 
region. There are only fourteen species, which arc referred to 
eight genera. A number of dubious forms, as is the case with 
other families, may possibly ultimately swell this list. The type 
genus of the family, viz. Lumbruudm, upon which llonnet made 
his experiments in section and subsequent regeneration, has only 
within the last year been thoroughly explored anatomically. 
Hut all the other genera are well known. The Lumbriculidae 
are of small or moderate size, and all of them aquatic in habitat. 
There are three characters which are nearly or quite universal in 
the genera of the family. In all of them the ehaetae arc? only 
eight to each segment, arranged in couples, and are either cleft 
at the extremity or simple. As a rule which lias hut two excep- 
tions, the genera Alluroides and Lumbru-ulus , there are two pairs 
of sperm-ducts, which, however, communicate with the exterior 
through a single terminal chamber on each side of the; body. 

The dorsal blood-vessel has in the Lumbriculidae a series of 

1 F. K. Beddard, Trans . Hoy. Soc. Edin. xxxvi. 1892, p. 273. 

2 Vejdovsky, System n. Morph, d. Oliyochacten , Frag, 1884. 
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contractile and blind appendages, which were at first mistaken for 
caeca of the intestine itself. There are two genera of this family 
in North America, which are not very different anatomically from 
their European representatives. The genera described by Eisen 
are Sutroa 1 and Edipidrilus? The latter lives in cold torrents at 
a great height in the mountains of the Sierra Nevada of California. 

Fam. 8. Moniligastridac . — This family, terrestrial in habit, 
is probably Oriental in range ; but I have described a single 
species from the Bahamas which may possibly be referable to 
the category of accidentally introduced specimens. Our know- 
ledge of this family is conveniently summed up in Professor 
Bourne’s paper 3 upon the genus Moniligastcr. There are some 
eighteen species, which range in size from an inch or so in 
length (M. bakarnensis) to about two feet ; this last measurement 
is that of the huge M. grandis , of which, together with many others, 
Professor Bourne gives coloured drawings. There is a second 
genus, Desmogastcr, which is mainly characterised by the doubling 
of the reproductive organs. This was described by liosa from 
Burmah. The family is noteworthy on account of the fact that 
every species belonging to it has at least four distinct gizzards, 
sometimes more ; but as this multiplication of the gizzards has 
been also found in Hdiodrilus among the Eudrilidae, and indeed 
elsewhere, it is insufficient to define the family. More character- 
istic is the fact that the sperm-ducts open on to the next segment 
to, or even the same segment as, that which contains their funnels ; 
consequently the apertures of the oviduets are behind instead of in 
front of them. These pores are also situated in a very anterior 
position, the male pores being upon the tenth segment or between 
the tenth and eleventh, and the oviducal pores upon the follow- 
ing one. In these features the family presents resemblance to 
the aquatic Oligocliaeta, from which, however, its stoutly-built 
gizzards, and vascular nephridia differentiate it. 

II. Megadrili. 

Fam. 9. Pericihaetidae * — The Perichaetidae comprise a larger 

1 “Anatomical Notes on Sutroa ,” Zoe. ii. 1892, p. 321. 

- “ Pacific Coast Oligocliaeta,” Mem. California Acad. Set. vol. ii. 

3 Quart. J. Alter . Set. xxxvi. 1894, p. 307. 

4 See Silencer, Proc. lioy. Soc. Viet . v. 1893, and Fletcher, P. Linn. Soc. N.S. IV. 
1886-1888, for Australian forms; Rosa, Ann. Mus. civ. Genova , vi. 1886, x. 1890, 
and xii. 1892, for Oriental species, etc. 
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number of species than any other family of earthworms; but it 
is a matter of considerable difficulty to divide the family satisfac- 
torily into genera. The family as a whole may be defined as 
having numerous chaetae in most of the segments of the body. 

There is no other definition which will distinguish this 
family from the next two families, and even this definition is not 
absolutely distinctive. There are Acantliodrilids which have a 
large number of chaetae in each segment. The only difference is 
that in this case — in the genus Plagiochada — the chaetae are 
implanted in twos ; this is not the case in the Perichaeti due. In 

all Pericliaetidae that are known the sperm-ducts open in common 
with the ducts of the spermiducal glands ; they generally open 
into them at some distance from the common external pore. In 
Meg asc olcx, Perichaeta, and P/eionoganfer the nephridia are of 
the diffuse type so widely spread among these worms, and the 
spermiducal glands are lobate. Meganeolex 
differs from the others in the fact that in 
addition to the small scattered nephridia 
there are a pair of large nephridia in each 
segment, and the chaetae do not form 
absolutely continuous circles, but are inter- 
rupted above and below. Plcionognnter lias 
more than one gizzard but otherwise agrees 
with Peri char fa ; it is confined to the East. 

Perichaeta is tropical and occurs — no doubt 
introduced — in Europe and America. Megan- 
col ex is Old World only, and, like Perichaeta , 

Australian as well as Oriental. Put whereas 
Perichaeta is rare in the Australian region, 

Megascolex is common there. Perionyx and 
Dvporochaeta are the other genera which it 
is possible to recognise. Potli of them have Fl • 
paired nephridia, and neither of them have sperniatiiei-ui 

intestinal caeca, a peculiarity which they both i' 0,t * s * ciitdium ; 

1 , , lf . . ¥, female pore; <5, 

share with Megascolex and PI exonog aster. i, m ie Vltn .. 

Perionyx principally differs from Dvporochaeta 
in that the spermiducal glands are lobate, whereas in the latter 
they are as in the Aeanthodrilidae. Perionyx is Oriental ; 
Diporocliaeta occurs in Australia and New Zealand. 

A very distinctive feature of Perichaeta — perhaps only of the 
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genus scnsu stricto — is its exceeding activity. The first speci- 
mens ever noticed in this country, or at least of whose exist- 
ence printed notice was taken, were exhibited by the late Dr. 
Baird of the British Museum, at a meeting of the Zoological 
Society. He remarked in that communication upon the agile 
fashion in which these tropical Annelids will spring off a table 
when touched or in any way interfered with. Numerous other 
observers have seen the same manifestations, and the name of 
“ eel-worm ” has been given to these Perichaeta by gardeners. 
It is worth putting on record here that in a species of Acan- 
thodrilus ( A . cajiensis) the same irritable behaviour is visible. 
When a Perichaeta moves it helps itself greatly by extending, or 
rather protruding, the buccal cavity, which serves as a sucker, and 
grips the ground in front until the rest of the body is brought for- 
ward. It is possibly on account of this extra facility for movement 
that the genus can climb trees with such ease. A species of 
Perichaeta has been recorded by Mr. Willey upon an epiphyte of 
a palm, and Dr. Benham has found that it is a new species, to 
which the name of Perichaeta ivillcyi has been given. The 
Lumbrioid genus (if it be admitted as a genus), Dendrobaena , was 
so named on account of a similar habit of climbing trees. Very 
singular in its habit is the not inaptly-named Perichaeta musica 
of Java. It is a monster of its kind, several feet in length, and 
during the night makes “ a sharp interrupted sound,” apparently 
by the friction of the chaetae against stones. The species 
figured (p. 381) is, as are a few others, remarkable for the presence 
of twelve or seventeen spermathecae in segments 6 and 7. 

Fam. 1 0. Gryptodrilidae } - This family is one of the largest 
of the Oligochaeta; there arc rather over 120 different species, 
which can be arranged in at least sixteen genera. They are 
found in most parts of the world, but abound principally in the 
tropics. Australia may be considered to be the headquarters of 
the family, which form its principal earthworm -inhabitants. 
Peculiar to this continent, or at least mainly confined to it, are the 
genera Megascolides , Cryptodrilus , Fletcher odrilus, Trinephrus , and 
Digaster. Microscolex, though occurring in many parts of the 
world, is characteristic of the more southern regions of Soifth 
America and of New Zealand. Tropical Africa has the genera 
Nannodrilus and Milhonia limited to itself, and has besides nearly 
1 See Fletcher and Spencer, already quoted, for Australian species. 
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all the species of the genus Gord iodrit us. This family is one 
which it is exceedingly difficult to define and to split up into 
different genera. It shades almost imperceptibly into the Peri- 
chaetidae 011 the one hand, and is very hard to differentiate from 
the Acantliodrilidae on the other. A Cryptodrilid, like any 
member of the genus Cryptodr il us, with complete circles of chaetae. 
would be a Perichaetid ; and as there are species of Peri ch a eta in 
which the anterior segments have only a few chaetae in each 
segment, it is perhaps wrong to separate the two families at all. 
Apart from the chaetae, there is no peculiarity in the organisation 
of the family Perichaetidae that is not also met with in the 
Cryptodrilidac. Even the highly characteristic intestinal caeca 
so distinctive of the genus Perichaeta itself, as contrasted with 
Meyaseolex and the other genera, occur, though more numerously, 
in the African Milhonia , where there are forty or fifty pairs of 
them. A fairly common feature in the family is the presence of* 
two, or even three, pairs of gizzards, a character which is also 
met with in the genus Benhamia among the Acantliodrilidae, 
and occurs also in some other families. The names Diy aster, 
Didymoy aster, Perissoy aster, and Die hoy aster have been founded 
upon this character. The excretory organs may bo paired (in 
Trinephrus there arc three pairs to each segment) or of the diffuse 
kind. The male pores are usually upon the eighteenth segment, 
but not un frequently upon the seventeenth, and are often armed 
with long and ornamented chaetae. Sperm iducal glands are 
invariably present, and may be lobate or tubular. There are 
two groups of small-sized genera, which in their simplicity of 
organisation stand at the base of the series; but it is very 
possible that the simplification is rather due to degeneration 
than to primitive position. One of these groups includes tin*, 
semi -marine genus Pontodrilus (with which I include the 
phosphorescent Photodr ilus ) and Mieroseolcx . In these forms 
the gizzard has disappeared, or is represented by a rudimentary 
structure, and the male pores are upon the seventeenth segment. 
In the other group are the genera Oenerodrilus^ Gordiodr ilus* and 
Nannodrilus, which are of even smaller size, and have in the same 
way the male pores upon the seventeenth segment. The species 
of this group are often aquatic, and there is not only no gizzard 

1 Eigen, “ Anat. Studies on Oenerodrilus ,** P roc. Calif. Acad. (2) iii. 1892, p. 228. 

2 Bedd&rd, Ann. Mag. Nat . Hist. (6) x. 1892, p. 74. 
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(in most of the species), but the calciferous glands have been 
reduced to a single pair, which lie in the ninth segment. The 
latter character is also found in the Acantliodrilid Kerria, which 
has been associated with the above named. Gordiodrilus has the 
peculiarity that there are, as in Acantliodrilids, two pairs of 
tubular spermiducal glands. 

Fam. 11. Acanthodrilidae } — This family is only with diffi- 
culty to be distinguished from the last. The following definition 
applies to all the members of the family with one exception, find 
does not apply to any Cryptodrilid with, so far as is known, one 
exception only. There are two pairs of spermiducal glands, 
opening upon the segments in front of and behind that which 
boars the apertures of the sperm-ducts. 

The one exception to this definition is the species Acanthodrilus 
monocystis, which I formerly placed in a distinct genus, Neodrilvs. 
Microscolcx modest us is the exception among the Cryptodrilidae ; 
in that worm the male pores are upon the segment which follows 
that upon which the spermiducal glands open. The Acantho- 
clrilidae show a considerable range of structural variation. This 
enables them to be separated into several well-marked genera. The 
type genus Acanthodrilus has a pair of nephridia in each segment. 
It contaius thirty-five species, which are all from the southern 
hemisphere. These species show but little variation among 
themselves. Bcnhamia is a genus that differs from Acanthodrilus 
in the fact that the nephridia are of the complex type, so often 
met with in earthworms with many external pores. The seg- 
ment that bears the male pores is entirely without any traces of 
the ventral cliaetae. Here again there are a large number of 
species which are nearly confined to the continent of Africa. Dr. 
Michaelsen is indeed of opinion that the few species found in the 
East Indies and America are accidental importations. I have 
proposed to separate some of the New Zealand Acantliodrilids 
into a distinct genus, Octochactus, which is somewhat intermediate 
between Acanthodrilus and Bcnhamia. They have multiple 
nephridia, but only a single gizzard. Plagiochaeta of Benliam, 
from New Zealand, is in any case clearly a distinct form. It is 
mainly to be distinguished by the numerous chaetae in each 
segment. Trigaster Benham, is West Indian. Deinodrilus (New 

1 Bcddard, P. Z. S. 1885 and 1895, for Antarctic Acantliodrilids ; Michaelsen, in 
Jahrb. Hamburg . Anst. 1888-95, for Bcnhamia. 
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Zealand) has twelve chaetae in each segment. Diplocnrdiu, from 
North America, lias the male pores on segments 18, 19, 20. 

Fam. 12. Eudrilidae .' — This is perhaps the most remarkable 
family of terrestrial Oligo- 
chactfi. Its distribution is 
no less curious than its struc- 
ture. Up to the present it 
is not known outside tropi- 
cal Africa, with the excep- 
tion of the genus Eudrilus 
itself, which is almost world- 
wide in range. As, how- 
ever, but one species of 
Eudrilus is found out of 
Africa, and as that species is 
so common in gatherings 
from various tropical coun- 
tries, it seems to be an in- 
stance of a species with large 
capacities for accidental 
transference from country to 
country. The type genus, 

Eudrilus, has been known 
since 1871, when it was 
originally described by M. 

Perrier. 1 2 Since that date 
nineteen other genera have 
been described from Africa 
by Dr. Michaelsen, Dr. 

Rosa, and myself. The most 
salient external character of 
the group, not universal Fro. 197 .—LihmtrUus vi 'ohic&vs F. K. B. X 2 . 
but general, is the unpaired ^Hpermathecal pore ; cf, elitell..... ; <5, ...ale 

male and female orifices. The 

orifices are commonly very conspicuous (see Fig. 197). 

The peculiarities of internal structure mainly concern the 
reproductive organs, the differences in which from genus to 

1 For a general account of the Eudrilidae, see my Monograph of the Order Oligo- 
chaeta, Oxford, 1895. 

8 Nauv. Arch. Mus. Paris , viii. 1872, p. 5. 

VOL. II 2 c 
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genus are often very great. We have already referred to the 
remarkable branching of the nephridial duct in the body-wall, 
and to the much modified calciferous glands of StiMmannia and 
some other genera. These structural variations perhaps permit 
the family to be divided into two sub-families. In one there are 
calciferous glands of the normal type, though peculiar in that 
one or more are median and ventral in position, and are unpaired ; 
there is no branching of the nephridium in the body- wall ; there 
are always, so far as is known, the Pacinian-corpuscle-like bodies in 
the integument. In the other sub-family the calciferous glands, 
if present (they are absent, for instance, in Lihyodrilus ), have under- 
gone much modification in structure ; the nephridia, where they 
have been investigated, have been found to branch copiously in 
the body- wall ; the peculiar integiunental bodies hardly ever occur. 

Fam. 13. Geoscolicidae} — This family is essentially tropical, 
being found in South America and the West Indies, in tropical 
Africa, in India, and in some of the islands of the Malay Archi- 
pelago. But it also occurs ( Spa ryanophilus and Criodrilus) in 
Europe and in America. A good many of the genera are aquatic. 
This is the case with the two already mentioned ; the genera 
Glyphidrilus and Annadrilus of the Malay Archipelago can live in 
water. The family is easily definable if we take the more typical 
forms ; but at one end of the series it lades into the next family, 
that of the Lumbricidae. Criodrilus is one of the genera which is 
difficult to place. As is the case with many Geoscolicidae, Crio - 
drilus has ornamented chaetae not only upon the clitellum, but 
upon the other segments of the body. This character was until 
recently unknown among the Lumbricidae; it has been lately 
found in Allolobophora moebii and A. lonnbergi . The absence 
of spermathecae characterises Criodrilus as well as other Geoscoli- 
cidae ; but here again the character is not by any means distinc- 
tive, for in Allolobophora constricta there is the same absence of 
these organs. In Criodrilus the male pores are upon segment 15, 
as in the Lumbricidae, but a species of Kynotus, which is certainly 
a Geoscolecid, has these pores upon precisely the same segment. 
The only point in which Criodrilus is definitely a Geoscolecid, or 
rather not a Lumbricid, is in the forward position of the clitellum, 
which begins upon the fifteenth segment, far earlier than it does 

1 The scattered literature of this family is due to Benhain, Michaelsen, Perrier, 
Rosa, and others. 
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in any undoubted Lumbricid. The peculiar elongated cocoon, 
which much resembles that of tfji'irganophi/us, is another char- 
acter which favours its Geoscolecine affinities. Dr. Michaelsen has 
proposed to unite Criodriius and Alma into a family intermediate 
between the Geoscolieidae and the Lumbricidae. 

Perhaps the most remarkable genus in the whole family is 
Alma. One species lives in the Nile mud; another is the 
“ Yoruba worm ” of West Africa, whose habits have been de- 
scribed by Mr. Millson. The most marked character of this genus, 
apart from the branchiae (see p. 352) which apparently may ho 



Fig. 198 . — Alma millsuni F. E. B. x 1. 


present or absent according to the species, is in the two enormous 
processes of the body-wall, which are illustrated in Fig. 108. 
These contain the sperm-ducts, which, however, open some way 
in front of the free end ; they are provided on the ventral surface 
with a series of sucker-like structures and with peculiar chaetae. 
Another interesting genus is Puntoscolex , which was originally 
described from the sea-shore of Jamaica by Schmarda; there are 
only two species which are certainly characterised, though a variety 
from the Hawaian Islands may be a “ good ” species. It possesses 
the remarkable peculiarity that the chaetae at the end of the 
body are disposed in a perfectly irregular fashion, which earned 
for it the name of brush-tail at the hands of its discoverer, Fritz 
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Muller. This worm, which is universal, or nearly so, in its 
range, doubtless having been transferred accidentally from country 
to country, invariably shows a light spot not far from the tail ; 
when this is examined with the microscope it is seen that the 
chaetae are here absent or very small, and that the muscular 
structure of -the body- wall is slightly different; it was thought 
that this spot was a zone of growth where fresh segments could 
be added after the fashion of some of the aquatic Oligochaeta, to 
which, it may be remarked, the present genus shows a curious 
point of likeness in the bifid character of the chaetae. It seems, 
however, that there are really no grounds for the supposition, and 
it is possible that we have here a “ weak ” spot, such as that in 
the foot of certain land snails, which readily gives way when the 
worm is picked up by a bird, and allows the “ better half” of the 
creature to escape. The Bermudian genus Onychochacta offers a 
very strange peculiarity in that the chaetae on the hinder seg- 
ments of the body are enormously larger than those in front, and 
end in strong hooks ; it seems likely that their function is to 
maintain a tight hold of the ground while the worm is leaning 
out of its burrow, as every one has seen the common earthworms 
of this country do. Onychochacta has the same irregular arrange- 
ment of the chaetae upon the greater part of the body, as has 
Pontoscolex. This family, like so many others, has its giants and 
its dwarfs. At one extreme is the great Antaeus of South 
America, several feet in length ; at the other the inch-long Hyo- 
genia of Africa. The American Vrobenus has a pair of intestinal 
caeca like those of Perichaeta , and placed in the same segment. 

Fam. 14. Lumhricidae } — This family is to be distinguished 
by the following assemblage of characters. 

The male pores are usually upon segment 15, and never 
behind that segment ; the clitellum commences some way behind 
the male pores. The gizzard, which is invariably single, is equally 
invariably at the end of the oesophagus. There are three pairs 
of calciferous glands. The nephridia are always paired. The 
spermatliecae never have a diverticulum. 

This family only contains three well-known genera, viz. 

1 Rosa, “Rcvisione dei Lunibricidae,” Mem. Ace . Torino (2), xliii. 1893, p. 399 ; 
also tlio Rev. H. Friend’s numerous and useful papers, and especially “A New 
Species of Earthworms,” Proc. Hop. Irish Ac. (3) ii. 1891-93, p. 402; and “Tlie 
Earthworms of Ireland,” Irish Nat. v. 1896, p. 69, etc. 
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Lunibricus, Allolohophora , and Allurus . The American Bimast os 
may be distinct. 1'etragomirus , not allowed by some, is at present 
unknown except as regards external characters ; it differs from 
the other Lumbricidae in the fact that the male pores are upon 
the twelfth segment. I 11 Allurus they are upon segment 1 3, and 
in the remaining genera upon the fifteenth. Lnmbricus is to be 
distinguished from Allolohophora by its prostomium, which is 




Fig. 199 . — A Uolvlmphara chbrroticu Savign y. 
x 4. The clitellar segments are marked 
in Roman numerals. t.j Tuberciihi 
pubertatis ; 6, male pore. 


Fig. 200. — Allah thnphvra jmtri a Vejd. 
x 5. Lettering as in Fig. 199. 
The black dots represent the chaetuc 
in both figures. 


continued by grooves on to the buccal segment, so as to cut the 
latter in half. It has also median sperm reservoirs, as well as 
the paired sperm sacs which are alone present in Allolohophora . 

This is the only family of earthworms which, so far as is 
known, can brave the ice and snow, and what is still more 
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difficult to understand, the perpetually frozen undersoil of the 
Arctic regions. Eisen has described a number of species from 
Spitzbergen, and Colonel Feilden recently sent me an example 
of Allolobophora octoedra from Kolguiev, where Mr. Trevor-Battye 
also saw another specimen. The family is characteristic of the 
Ncarctie and Palaearctic regions, and though found beyond them, 
is probably elsewhere an accidental importation (see p. 371). 
There are at least fifteen species of this family found in 
England and Ireland, and probably more will be identified. 

There does not exist at present any comprehensive account of 
the British species of earthworms, though all of them are 
included in Dr. Rosa’s recent revision of the family. Most of 
the British forms belong to the genus Allolobophora , which may 
be divided into two series according to whether the chaetae 
arc quite close together or further apart. The extent of the 
clitellum and the position of those swollen eminences which 
appear earlier than the clitellum, and are known as tubercula 
pubertatis, offer further characters. In the following tables, 
extracted from those of Rosa, the known British species of this 
genus are grouped according to these three characters. With the 
help of these tables and Figs. 199 and 200, any of the species 
ought to be easily identified. 
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1 In the tables the figures refer to the segments of the body. Opposite the name 
of each species are two sets of lines ; the upper series indicate the segments occupied 
by the clitellum ; the lower series those occupied by the tubercula pubertatis. The 
dots indicate the occasional extension of the clitellum or of the tubercula. 
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There are of course other points by which the different species 
can be distinguished. Colour in a few cases enables a species to 
be named at once without any further aid. One of the most 
striking of these cases is the Brandling, so common upon dung- 
hills, and so dear to some anglers. This worm is ringed with 
brownish purple upon a yellowish ground. The greenish A . 
chlorotica is often found under stones, and curls itself round into 
nearly a complete circle when disturbed. A. cyanea , of a bluish 
grey colour, is one of the earthworms very commonly met with 
in the early morning in London and the neighbourhood. More 
generally, however, the colour is of a paler or darker red, verging 
towards and attaining brown, or even blackish brown ; and is so 
variable that nothing in the way of identification can be at- 
tempted from the colour alone, even with the most elaborate 
description. 

Lumbricus, as already mentioned, is distinguished from all 
Allolobophora except A. eiseni, by the complete dovetailing of the 
prostomium into the first segment. There are five species in this 
country which may be thus distinguished by the position of the 
tubercula pubertatis. The most familiar species is the common 
Z. rubellus. 


L. rubellus Hofl*. tubercula pubertatis are on 28, 29, 30, 31 
L. castaneus Sav. ,, ,, ,, 29,30,31, 32 

L. herculeus Sav. ,, ,, ,, 33, 34, 35, 36 

L. papillosua Friend ,, ,, „ 34, 35, 36, 37 

Z./estivus Sav. ,, ,, ,, 35, 36, 37, 38. 
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HIltUDINKA (LEECHES) 

INTRODUCTION ANATOMY REPRODUCTION CLASSIFICATION — - 

RHYNCHOBDELLAE AND GNATHOBDELLAE 

“ The external appearance of the Hirudiiiea,” remarks Professor 
Vaillant, 1 “ permits us, save for rare exceptions, to recognise at 
once the animals which belong to that group.” The leeches are 
distinguished as a rule by the possession of two suckers, one at 
each end of the body ; their general shape usually differs from 
that of other Annelids by its oval contour and its dorso-ventral 
flattening. Cycl icobdella lumbrico ides of G rube, which Blanchard 
has stated to be the same species as Nepliclis teryedina> has, 
however, almost the form of an earthworm by reason of its 
cylindrical shape and the inconspicuousness of the suckers, while 
L u ni brie oh dell a also resembles an earthworm and has no posterior 
sucker at all. 2 The Oligochaet family Discodrilidae (see p. 376) 
agree with the leeches in their parasitism, in their general shape, 
in the presence of two suckers, and, furthermore, in the existence 
of jaws, which are found in no other Oligochaet, but occur in a 
large number of the Hirudinea. These facts, indeed, though not 
perhaps important by themselves, are indications of the really close 
resemblance of the Hirudinea to the Oligocliaeta, a group which 
they approach not merely in such habits as the formation of a 
cocoon in which the eggs are enclosed, but also in many important 
points of internal and external structure. Indeed, the fundamental 
differences between the two groups are not numerous, and are not 
of such importance as has been given them by some writers. 

Leeches are to be found in most parts of the world, in situa- 

1 “ Anneles,” vol. iii. 1889-90, p. 477, in the Suites A Buffon . 

- See v. Kennel, Zool . Jalirb . ii. 1887, p. 37. 
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tions which are sufficiently damp lor their comfort. But we 
do not at present possess enough knowledge to state much as 
to the facts of their distribution. The structure of leeches is 
not so well known as is that of the earthworms ; for they have 
not been to so great an extent collected in extra -European 
countries. It would even be desirable to ascertain precisely the 
species which inhabit these islands, the most recent enumeration 
(1865) being that contained in the British Museum Catalogue of 
non-parasitical worms by the late Dr. George Johnston. For Italy 
this has been lately done by Dr. Blanchard, and a good many of 
the species are common to the two countries. Johnston enumerates 
altogether (after subtracting what are probably synonyms) 
twenty-one species, distributed among the genera Jlranchellion , 
Pont ob della, Pise icola, Neph el is, Tr or beta, Hacmnjtis , Ifirudo , and 
Glossiphonia ( = Cle/psine ), which number will 
be possibly still further reduced. The first 
two genera are marine, the remainder being 
fresh water or terrestrial ; T rochet a has been 
probably introduced. 

The use of Ifirudo medicinal is is well 
known to many of us from personal experi- 
ence. So extensively was this leech formerly 
made use of that it is now far from being 
a common species either in this country or 
in France. Those who desire full informa- 
tion as to Hi riuli nicul tuie should consult 
the work of Dr. Ebrard, published in 1857. 1 



The former extensive use of the leech has 
led to the transfer of its name to the doctor 
who employs it, the authors of the sixteenth 
century constantly terming a physician a 
leech ; it has been suggested, however, that 
the term was applied rather by way of Fi«. 20 1 .— Anterior end of 
analogy. The useful blood-sucking habits 

of the medicinal leech have been wrongly at- bodies. (After Whit- 
tributed to the innocent horseleech ( Aula - ,,,an ’* 

stomum) — innocent, that is to say, of the blood of Vertebrates, for 
it has been described as “ a cruel and greedy worm,” engulfing 
earthworms and even smaller specimens of its own species. 

1 Nouvcllc Monographic dcs Sang sues mMicinalcs. Faris, 1857. 
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“ Horsleches,” said an old writer, “ are wholesome to drawe 
foorthe foule blood, if thei are put into a hollo wo rede, and one 
of their endes cutte of, whereby the blood maie run for the.” But 
it is clearly not easy for a creature destitute of jaws and teeth to 
bite, and the similarity of general aspect has doubtless led to a 
confusion with the savagely biting medicinal leech. 

The Hirudinea are all distinctly segmented animals, but the 



Fl<;. 20*2. Sense body of Macrohddlu 
seder Ha. (After Whitman.) rj>. 
Epidermis ; tt 9 dear cells. Highly 
magnified. 



Flu. 203. — Section through eye 
of line mad ipsa japonic a. 
( A fter Whitman. ) tp, Epi- 
dermis ; m, nerve. Highly 
magnified. 


segmentation differs from that of the Oligocliaeta in two points. 
In the first place the number of segments is much smaller in a 
leech than in an Oligoeliaete, although the difference does not 
appear great at first sight. 

A leech's hody may seem to be composed of seventy, eighty, 
or one hundred segments, a number quite as great as is found, 
for example, in the genus Perichaeta among the earthworms ; but 
the apparent number of segments in the leech is produced by a 
very marked annulation of the real segments ; and this is indeed* 
the second poiivf of difference referred to above. But there 
are earth worms, which show frequently a secondary ^annulation, — 
secondary because it appears late and does not affect pther organs 
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of the body. A segment of ;in earthworm may indeed have 
live or six distinct an nidations, but it will be bounded internally 
by two septa, and will bear only one set of ehaetae externally. 
In the leech external dues to the definition of a segment 
were until recently wanting. They appear now to have been 
found in the sensory organs of the skin (Figs. 201 and 202), 
which are, according to Whitman, 1 disposed in a perfectly 
metameric fashion. Judged by this, and also by the nephridia 
and nerve-ganglia, the number of segments in a leech does not 
appear to exceed twenty -six, independently of the sucker, which 
may represent a few fused segments, seven (in the medicinal 
leech) according to Leuckart. 

The eyes, which are so useful in the systematic- arrangement 
of the group, appear to have been evolved from these sensory 
organs by a further exaggeration of their peculiarities. Figs. 
202 and 202 show this point convincingly. The segmental sense 
organ is shown in Fig. 202; to the outside of certain sense cells, 


below which are a mass of ganglion cells, are 
certain peculiar transparent cells very similar 
to the clear cells found in the interior of the 
eye (Fig. 202). The segmental disposal of tin* 
sensory bodies and of the eyes is shown in 
Fig. 201. 

Some Hirudinea are furnished with external 
branchiae; this is the case with Bramliellion , 
in which genus the branchiae (Fig. 204) have 
an arborescent form ; in Cystihraiiehus there are 
a series of paired simple vesicles* which take* the 
place of these more complicated respiratory 
organs of Branch ell tun. The Hirudinea do 
not, save for one exception ( Acanthobdel l a ), 
possess ehaetae ; but it must be borne in mind 
that the Discodrilidae and the genus Anavhnela. 
among the Oligocliaeta are in the same condi- 
tion. In Acanthobdella 2 there are two pairs of 
ehaetae upon each side of the anterior five seg- 



Ihm fnrjif’itiuis, 
(From tin; “ Ki'gm*. 
Animal.”) x 1. 


Tuents of the body. According to the figure which (Irube, tin 


1 Quart. J. Micr. Set. xxvi. 1880, p. 317. 

2 SceGrube, “ Annulateii ” of M iddeiidoilfs Sibirisehe Seise, Zuuloyi/, 1851, p. 20 \ 
and Kowalevsky, Buff. Ac. St. Pctcrsb. v. June 1890. 
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original describer of the genus, gives of these ehaetae, the part 
implanted in the body is straight, while the part extending freely 
beyond the body is sharply hooked. 

The body of the leeches is never ciliated externally ; there is, 
as in the higher Oligochaeta, a cuticle secreted by the underlying 
epidermis. The Hirudinea have, like the Oligochaeta, a clitellum 
which, as in some of the lower members of that group, is limited 
to a very few segments in the immediate neighbourhood of the 
generative openings. It occupies in Hirudo segments 9, 10, 
and 11. The epidermis gives rise to many unicellular glands 
which either remain in situ or get moved to a deeper position. 
In this the leeches exactly resemble the earthworms. There is 
generally a great deal of connective tissue in the body-wall. The 
muscles consist of circular, longitudinal, and radial series. The 
individual fibres have the same structure as those of the Oligo- 
chaeta, consisting of a soft and undifferentiated core, round which 
is a radially-striated sheath of contractile substance. 

Alimentary Canal. — Theleechesaredivided into the Rhynehob- 
dellae, which have a proboscis but no jaws, and the Gnatliobdellae, 
which possess a series of jaws but have no proboscis. Hut the 
division is not a hard and fast one, for we have Whitman's 
genus Leptostoma , which should belong to the jawed division, but 
which lias quite rudimentary jaws without the sharp denticles so 
characteristic of Hirudo. The pharynx is furnished witli salivary 
glands. The oesophagus is followed by the proventriculus, which 
has a varying number of pairs of caeca ; then comes the intestine 
and the rectum. The anus is, as a general rule, placed dorsally 
to the sucker, but there are a few rare exceptions where the anus 
is within the sucker. The caeca are totally absent in Trocheta. 

Vascular System. — As will be seen from Fig. 205, the vas- 
cular system of the Hirudinea is constructed on a plan which 
closely resembles that of the Oligochaeta. The diagram re- 
presents Glossipkonia , one of the Khyncliobdellae, the group 
which comes nearer to the Oligochaeta in many particulars than 
the Gnatliobdellae. We can recognise a dorsal and a ventral 
vessel, which are united in the anterior part of the body by 
three perioesopliageal rings, the elongation of which, particularly 
of the last pair ( v ), from before backwards is very marked. In the 
region of the sucker the dorsal and ventral vessels are united by 
fourteen shorter loops, the number of which has an interesting rela- 
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tion to the number of segments out of which this portion of the 
body is possibly formed. It will be ob- 
served also that the dorsal vessel is double 
in this region, a condition which obtains 
along its whole length in Bmnchdlion — a 
repetition of what has been described in 
more than one species of Oligochaete. In 
the region of the last pair of digestive 
caeca the dorsal vessel has appended to it 
copious sinuses which embrace the intestine 
and supply its walls with blood.. In Hirmlo 
there are only a pair of lateral vessels, and 
neither dorsal nor ventral vessels; in this 
leech and in the Gnatliobdellae generally 
there are intra-epidermic capillaries, a fact 
first discovered by Professor Lankester, and 
now known to occur also in the Oligochaeta. 

The development of the blood-vessels 
shows that they have no relation whatever to 
the coelom, in spite of their subsequent con- 
nexion with it. The two longitudinal stems of 
Hirudo arise as cavities in the somatic layer 
of the mesoblast after the formation of the 
coelom. In jYejihelis, but not in Hirudo , I >r. 

"Burger thinks that there is some reason for 
regarding the vascular system as the remains 
of the primitive segmentation-cavity of the 
embryo, an opinion which is held ill respect of 
the vascular system of many other animals. 

Body-Cavity. — One of the most marked differences between the 
leeches and the Oligochaeta is in the body-cavity. In the latter 
there are a series of cavities corresponding to the segments, which 
are bounded in front and behind by the intersegmental septa, and in 
which all the viscera lie. In leeches such an arrangement is not 
recognisable save in Acanthobdella, where Kowalevsky 1 has quite 
recently described a typical coelom divided by septa into twenty 
segments. In transverse sections the body of other leeches appears 
at first sight to be solid, owing to the growth of the muscles and 
connective tissue. A more careful study, however, has revealed the 

1 See ref. on p. 395. 



Fki. 205. — ftlossi/thon m 
mart fin atu, vascular ami 
alimentary system, x 4. 
(After Oka.) a, Dorsal 
vessel ; //, intestinal 

caecum ; r, one of the 
hearts. 
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fact that there are considerable remains of the body-cavity or coelom 
which form a complicated system of spaces and channels. What 
has happened, in fact,' in the leech is that the coelom has become 
gradually and partially obliterated by proliferation of the cells in 
the interior of the body, a process of obliteration which has already 
commenced hi the Oligocliaeta. In many of the latter, some of the 
principal blood-vessels have become surrounded by a space cut off 
from the general body-cavity, while in the majority a special 
cavity surrounds the testes and the funnels of the sperm-ducts. 
This process of the formation of separate cavities for the inclusion 
of the several viscera culminates in the leeches with the marked 
obliteration of the greater part of the coelom. This has become 
so much reduced to the condition of narrow tubes that there has 
been a tendency to confuse it with the vascular system, more 
especially perhaps in those forms in which the blood is tinged 
with haemoglobin, and in which there is a connexion between 
the two systems of spaces. This confusion lias been further 
increased by the plan of injecting the vascular system, a method 
of investigation which must be employed with great care in 
delicately-organised creatures whose tissues can be easily ruptured, 
and so lead to a flow of the injecting fluid into places and in 
directions impossible during life. 

In transverse sections of leeches it may be seen in successful pre- 
parations that the various organs of the body are enclosed in spaces. 
The funnels of the nepliridia open into lacunae which could hardly 

in any case be regarded as blood 
spaces, while the blood-vessels 
themselves with their mus- 
cular walls cannot be con- 
founded, at least in the case 
of the larger trunks, with the 
spaces not having muscular 
walls which surround them. 
Furthermore, it will be pointed 


Fig 


in the embryo of the reduced coelom of the adult worm. These 
spaces therefore conform in every particular to the general con- 


. 206. — Coelomic canals of OlossipJwnia 
mmplanata. x 10. (After Oka.) Dorsal 
canal containing dorsal blood-vessel ; h y 
ventral canal containing ventral blood- 
vessel ; l, lateral canal ; n, nerve-cord. 


out immediately that the 
reproductive organs are pro- 
duced on the walls of spaces 
which are the commencement 
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ditions which have been laid down abont the characters of a true 
coelom. As to the complexity of this system, attention may be 
directed to the accompanying diagram (Fig. 206) of the coelom of 
a segment of Glossiphonia, which lias been lately worked ont in 
detail. 1 It will be observed that there are four main longitudinal 
sinuses which are connected by a complicated system of transverse 
tubes and spaces. In the anterior part of the body, before the 
point where the intestinal caeca arise, the dorsal and ventral 
lacunae fuse to form one larger so-called median lacuna. The cavity 
of this is interrupted, in correspondence with the segmentation of 
the body, by septa exactly comparable to those of Oligochaeta ; 
but the septa in Glossiphonia are not present at every segment. 
So far our account of the coelom is chiefly derived from the genus 
Glossiphonia . In Ilirudo , which is an example of the Gnathob- 
dellae, the coelom is still further reduced ; the lateral sinuses in 
them appear to be absent. But on the other hand there is formed 
a series of cavities in a form of connective tissue which lias been 
termed botryoidal tissue. The cells of this tissue become hollowed 
out, and form channels which are in communication on the one 
hand with the remains of the coelom and on the other with the 
vascular system. This system has certain analogies with tin' 
lymphatic vessels of Vertebrates, and, like them, is an intermediary 
between the body-cavity and the blood. Originally, however, 
these botryoidal vessels have nothing whatever to do with cither 
the vascular or the coelomic system ; their connexion with both 
is a purely secondary affair, and only appears, comparatively 
speaking, late in life. 

The development of the spaces here spoken of collectively as 
coelom confirms this interpretation of their nature. In the 
embryos of Hirudo , Aulastomum , and Ncphelis there is a ventral 
space, 2 which includes the nerve-cord. Into this open a series of 
paired and segmentally-disposed lateral cavities, a pair to each 
segment. The ventral cavity itself is formed by fusion of the 
median parts of the lateral cavities. There is here clear evidence 
of a coelom, developed on a plan fundamentally identical with 
that of the Oligochaeta in that it is formed as a paired series 
of chambers corresponding to the segmentation of the body. 

Nephridia. — The "segmental organs ” or nepliridia are seen in 


1 Asajiro Oka, Zeitschr. wins. Zool. lviii. 1894, p. 79. 
2 See Biirger, quoted on p. 403. 
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their simplest form in such a type as Glossiphonia — the Bhyn- 
chobdellae, to which this genus belongs, being indeed in most 
particulars less specialised than the Gnathobdellae. Here 
we have a distinct funnel opening freely into the median or 
ventral eoelomie space, which is immediately followed by a 
rounded swelling termed by Oka 1 the capsule ; this is filled 
with cells, in the interstices of which the ductules are situated 
and meander. There is in this capsule a very strong likeness to 
the glandular brownish swelling which immediately follows the 
funnel in the nephridia of certain of the aquatic Oligochaeta, for 
example the Naids, where, as Vejdovsky has shown, there is a 
similar “ rctc mirabile ” of the nephridia! duct. After the capsule 
is a single row of cells which are disposed in a complicated coil. 
These cells are perforated by the duct, which is thus, as in the 
Oligochaeta, intracellular. In the first set of cells the duct is 
single, and gives off numerous branchiets into the interior of each 
cell, a condition which has also been observed in many Oligo- 
chaeta. Afterwards the cells are perforated by two, or even three, 
main ducts, for the duct returns upon itself and traverses the row 

of cells more than once ; 
there are also branchiets 
developed from one or 
other of the main ducts. 
The terminal part of the 
nephridium is a short 
invagination from the 
exterior, which is lined 
by cells. There is 
clearly a close resem- 
blance here with the 
nephridium of an Oligo- 
chaetc. The nephridium, 
however, except for the funnel and the narrow tube immediately 
following it, does not appear to be ciliated. 

There is, however, some difference of opinion as to the portions 
of the nephridium where there are two ducts in a single cell. 
Bourne 2 thinks that where there are two ducts there are two 



Fit;. 207. — Nephridium of ffimulo medicinal is. x 10. 
(After Bourne.) /, Funnel ; r, distal vesicle. 


1 Loc. eit. 

3 Quart . J. Micr . Sci. xxiv. 1884, p. 419 ; see also ibid . xxxiv. 1893, p. 545, 
which is mainly a criticism of Bolsius’ additions to the very considerable litera- 
ture upon the Leech nephridium. 
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cells, one lying inside the other, and that there is sometimes also 
a telescoping of cell within cell where the duct is single. In 
Hirudo the same writer has described the nephridial funnel, 
which has lost the simple character of that of Glossijrftonut. 
The funnel is represented by a cabbage-head-like mass (Fig. 
207, /) of ciliated cells with no single definite outlet to the 
exterior as in Glossvphonicu It appears to be an organ which 
has lost its proper function — a degeneration ol* the funnel being, 
as a matter of fact, not unknown in the Oligoehaeta, where it 
may be carried to absolute extinction ( Chaetoyaster ). In Bran - 

chellion and Pontobdella the simple metameric arrangement of 
the nephridia is to some extent lost, owing to 
the formation of a network continuous from 
segment to segment. It will be borne in 
mind that the Oligoehaeta are the only other 
Chaetopods in which such a nephridial net- 
work has been stated to exist. 

Male Reproductive Organs. — In Hirudo 
medicinalis there are nine, occasionally ten, 
pairs of testes, which are round white bodies 
arranged segmentally, i.e. a pair to each seg- 
ment. From each arises a slender, somewhat 
sinuous tube, which enters the common collect- 
ing tube of its own side ; each of these is much 
contorted at the upper end, the coiled portion 
being termed the epididymis. From this they 
enter a muscular penis which can be pro- 
truded. This is the arrangement met with in 
all leeches, save for the fact that the penis is 
absent in some ; in Glossiphonia (see Fig. 

208) this is the case. The number of pairs 
of testes also varies ; and in Nephelis they are 
no longer arranged metamerically. 

° ° . * _ . „ nu. ^vo. — 'm'l Yuun 

The testes arise as local proliferations ot system ami repro- 
the epithelium of the lateral coelomic cavities, 
but from the somatic wall, not from the x 2. (After Whit- 

splanchnic, as in the case of the ovaries to be glands j^.^nerve^ 
described later. A portion of the tissue cord; o , ovary; u 

which is to form the testis grows out later- teste * 
ally into a thin cord, which is to become the vas efferens of that 
• VOL. II 2d 
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testis. Later both testis and duct become hollowed out with a 
common cavity. The main portion of the vas deferens of each 
side, as well as the terminal copulatory apparatus, is an ingrowth 
from the epidermis which meets the downgrowths from the testes. 

That there are considerable differences between the repro- 
ductive organs of the leeches and those of Oligochaeta will be 
apparent from the above description. There are, however, to 
begin with, certain obvious similarities. In the first place, 
the origin of the reproductive glands is identical ; in both groups 
also the efferent ducts consist of two portions — an invagination 
from the outside, and a formation of the proximal part of the 
ducts near to the glands. In Mimiliyaster, where — exceptionally 
-the testes develop on the posterior wall of their segment in 
close contact with the funnels of the sperm-ducts, there is no very 
hard and fast line to be observed between the 
tissues of the two. The hollowing out of the 
testis in the leech, and the continuity of the 
cavity thus formed with the duct, is a specialty 
of the leeches not found among the Oligochaeta. 

Like many Oligochaeta, the leeches may form 
spermatophores in which the sperm is packed for 
its conveyance from one individual to another. 
Glossiphoma ( Clcpsine ) plana , where the structure 
in question has been elaborately described by 
v Whitman, 1 may be selected as an example. The 
spermatophore (Fig. 209) is about 8 mm. long, 
and is clearly formed of two halves, each of which 
is formed separately in one ductus ejaculatorius, 
the soldering together being effected in the 
common part of the male ducts, where also a 
basal portion with a single lumen is added. 
The spermatophore has a double wall. It is 
deposited not in the neighbourhood of the 
Fl< tophoreof 1 (y/o!w- generative pores, but upon the back ; and Wliit- 
phonrn man has discovered the extraordinary fact that 

Whitman.)' * the spermatozoa find their way through the body- 
wall of the leech into the interior of its body, 
where fertilisation presumably occurs. 

1 “Spennatopliores as a Means of Hypodermic Impregnation,” J. Morphol. iv. 
1891, p. 301. 
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Female Reproductive Organs. — The ovaries of the Hiru- 
dinea appear to differ from those of the Oligochaetn in that tlie 
ovaries are continuous with their ducts. In Him do , however, 
the real ovary of each side consists of masses of germinal tissue 
lying freely within a sac which communicates with a duct ; the 
two ducts unite to form a much convoluted tube which opens 
into a thick-walled vagina, itself opening again on to the exterior 
by a median unpaired opening on the seventh segment. The 
muscular vagina is not always present. 

The median unpaired female aperture offers now 110 particular 
difficulty, since in many earthworms, e.g. Fcrichaeta, this orifice 
is in the same condition ; nor does the fusion of the oviducts 
and the so-called ovaries ; for in Hudrilns, for example, and in 
many Eudrilidae, the ovary is contained in a sac into which the 
oviduct also opens. It will be noticed too that the existence of 
short oviducts as compared with the long sperm-ducts is a 
further point of likeness to at any rate the higher Oligocliacta. 
But a further comparison needs first to be based upon a con- 
sideration of the development of the different sections of the 
apparatus in the leech. The independence of the ovaries and 
their ducts has been proved by several observers ; quite recently 
Biirger has dealt with the matter in Nep/idis, Jfirudo , and 
Aulastomum f/ulo . 1 He has found that the ovaries arise from 
the splanchnic wall of the lateral coelomic cavities ; they are 
therefore proliferations of the coelomic epithelium, as in Oligo- 
chaeta and all Coelomates so far as is known. The peripheral 
layer of the mass of indifferent cells which constitutes the 
ovary becomes somewhat modified ; its cells are flattened, and 
it at length separates itself and forms a capsule surrounding 
the other cells, which are in fact, or become, the ovary. This 
capsule meets and fuses with the ducts, which are invaginations 
from the exterior of the body. 

There are clearly differences between the ovary of a leech and 
that of a typical Oligocfiaete like Lmnbricus. The only point of 
agreement, in fact, is the origin of the reproductive gland itself 
from the walls of the body-cavity. Tn Lumbricus and allied 
forms, whatever may be held with regard to their homo- 
logies, the oviducts as a matter of fact appear first as funnels, 
which afterwards bore their way to the exterior. They are 
1 Zcitschr. wiss . Zool. lviii. 1894, p. 440 ; and Zool. Jahrb. Anat. iv. 1891, p. 697. 
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purely mesoblastic structures, not — except perhaps the very 
extremity — derived from an ingrowth from the epidermis. We 
have, however, other Oligochaeta in which there are closer 
resemblances to what has just been described in the Hirudinea. 
In more than one point the aberrant family of the Eudrilidae 
come nearer to the Hirudinea than any other Oligochaeta, in 
spite of Branchiobdella with its jaws and sucker. Now in 
Eudrilus the ovary is enclosed in a capsule which becomes con- 
tinuous with the duct of the great sperm-holding pouch, itself an 
invagination from the exterior ; there is no reason in this 
Annelid why the ova should not reach the exterior by this 
system of ducts, although there is no actual experimental proof 
that they do so. In any case there is also an oviduct correspond- 
ing to that of Lumbricus , which opens into the opposite side of 
the duct of the spermathecal pouch on the one hand, and into 
the receptaculum ovorum on the other ; it has no direct con- 
nexion whatever with the sac containing the ovary. If we were 
to cut off the receptaculum and the oviduct and reduce the sper- 
mathecal sac to its duct, the result would be much the same as 
we find it in the leech. 

Cocoon. — The practice of forming a cocoon for the shelter of 
the eggs and of the developing young is shared with the Oligo- 
chaeta ; but not all leeches deposit their eggs in this manner. 
Glossiphonia , for instance, carries its eggs upon the ventral face of 
the body, where the young remain for some time after they are 
hatched attached by the posterior sucker to their parent's body, 
and from which situation of safety they make short excursions. 
Other leeches deposit their eggs singly, but agglutinated to- 
gether upon stones, etc. In the medicinal leech the cocoon is 
ovoid in shape, and from the end, which is closed by a temporary 
plug, the young when ready escape. This cocoon is deposited, as 
is that of an earthworm, in soil near to the borders of a marsh 
or pond, so that the young, while enjoying the requisite degree 
of moisture, may not be injured by a too wet environment. On 
the other hand Pontobdellci and some other leeches lay their 
cocoons attached to bodies actually submerged in the water. 
The cocoon is secreted, as in Oligochaeta, by the clitellum, and 
as in them, is drawn off over the head, the ova and sperm pro- 
bably flowing into it during the process. The elasticity of the 
slightly hardened mucus causes the two ends of the cocoon to 
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close up when it is tree from the body ; it is then whitish and 
soft, and the leech fixes it, and appears to polish the surface with 
its buccal sucker. In a few hours the cocoon becomes amber 
brown, a colour which characterises the cocoons of a great many 
earthworms and other Oligochaeta, The medicinal leech forms 
its cocoon in the same way as docs Nephclis, to which the above 
description refers ; but when the cocoon is formed the leech 
covers it with another layer of mucus, which Yaillant, from 
whose work the foregoing notes are extracted, 1 thinks may be 
produced from the so-called salivary glands. 

Classification. — The number of different kinds of leeches 
is at present uncertain. Seeing that no less than sixty-four 
varieties of the common Hirudo medicinalis — colour varieties, it is 
true — are said to exist, it is not wonderful that tin 1 , labours of 
some systematists have been severe, and have provoked much 
criticism and alteration on the part of others. 2 As to genera, 
Vaillant, in his recent continuation of de Quatrefagcs , “Annclcs” 
in the Suites it Buffon , which includes the literature up to the 
year 1886, allows thirty-seven, some (three) of which, however, 
are admitted to be iucertac sedis. Blanchard, who lias paid a 
great deal of attention to the group, reduces these by six, which 
he considers to be synonyms ; but on the other hand he has 
added or rescued from oblivion six or seven others, and Whitman 
has instituted several Japanese and Australian genera. Most of 
these generic types are, however, only imperfectly known, and 
from external characters only. It is quite problematical how 
many valid genera should be retained ; in the meantime those 
that are fairly well known are divided by Blanchard 3 in the 
following way : — 

Sub-Order 1. Rhynchobdellae. — Hirudinea with an exsertile 
proboscis, without jaws, and with colourless blood. 

1 “Annelcs,” vol. iii. 1889-90, p. 493, in the Suites it Buffon. 

2 Whitman quotes with regretful approval ( Proc. Amcric. Acad. xx. 1884-85, p. 70) 
Sir J. Dalyell’s remark, “It does not appear that the history of the leech has advanced 
in proportion to the number of literati who have rendered it the subject of dis- 
cussion,” and adds on his own account the following severe indictment of liis 
predecessors : “ As a considerable share of the work done in this direction is 
purely systematic, it is somewhat surprising that not a single description of any 
Hirudo has been given witli sufficient accuracy and completeness for a close com- 
parison of even its more important external characters with those of other species." 

3 “ Hirudin6es de T Italic," etc. , Boll. Mas. Zool. Torino , vol. ix. 1894, No. 192. See 
also Apathy, “Siisswasser-Hirudineen,” Zool. Jahrb. Syst . iii. 1888, p. 725. 
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Fam. 1. Iclithyobdellidae . — Body formed of two regions, a 
narrower anterior portion and a wider “ abdomen,” both anterior 
and posterior suckers distinct from the body. 

These leeches are parasites of fishes and of some other 
animals such as tortoises. The family contains a number of 



genera. Branchellion (Fig. 204) has a series of 
leaf-like branchiae on both sides ; in Cystibranchus 
the respiratory organs are reduced to a series of 
round vesicles. The latter genus occurs in Europe 
and North America, and is parasitic upon marine 
and fresh-water fishes. Piscicola is a common 
leech which confines its attacks to the inhabitants 
of fresh water. Puntobddla (Fig. 210) is marine, 
and affects rays and sharks ; the best known 
species, P. muricata , is usually of a green colour. 

To the family Iclithyobdellidae also belongs 
the large Chilian leech Macrobdella valdiviana , 
of which there is or are also species in North 
America. Philippi’s figure of this leech 1 shows 
the distinct neck ; and as it has no jaws, it 
should be referred to the present family. It 
has got an undue reputation for size, 2^ feet 2 
having been assigned to it. As a matter of fact 
Philippi's illustration depicts an Annelid of about 
7 inches in length, with a greatest diameter of 
about an inch. But doubtless when extended in 
walking it would be longer — 1^ feet, Philippi 
thinks. It has no eyes, a failing which is not 
unusual among the leeches. 

Fam. 2. Glossiphoniidae. — Anterior sucker 
fused with the body, posterior sucker distinct. 
No cocoon. 


Kro. 210. — Pontoh - 
della muricata. 


The members of this family all inhabit fresh 


X 1. 

Bourne.) 


(After water; they have the habit of depositing the 
eggs separately, which are then fixed to the 


ventral surface of the body, and the young when hatched are 


1 Zcitschr. f. die gesammt . Naturwiss . vi. 1872, p. 422. 

* But Pennant in his British Zoology has referred to a leech which is even 


larger. Upon the huge Basking shark ( Selache ) the fishermen sometimes observe a 
leech, which invariably drops otf when the fish is brought to the surface, “of a 
reddish colour and about 2 feet in length '* ; this may be a Pontobdella. 
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still protected by the parent, returning to its body for shelter. 
The type genus Glossiphonia ( = Clepsine) is common in Europe, 
and has many species. The Mexican and Amazonian Haemen- 
teria contains a number of species, of which the Mexican If. 
officinalis is used in medicine; but according to Miguel Jimenez, 
its use is apt to be attended with unpleasant symptoms. Drowsi- 
ness, a buzzing in the ears, and the development of a painful 
rash are some of the effects produced by its bite. It is disputed 
whether the animal's saliva or foreign matter introduced by it 
into the wound are the cause of the symptoms. 

Mesobdella of Rlanchard 1 is said to be intermediate between 
this family and the next. Each segment lias three annuli, as in 
this family, but the leech lias three jaws, as in / lint do. 

Sub-Order 2. Gnathobdellae. — llirudinea without a proboscis, 
generally with jaws ; the blood is red ; the eggs are invariably 
deposited in cocoons. 

Fam. 1. Gnathobdellidae. — Pharynx with three denticulate 
jaws. 

This family as well as the next is terrestrial or fresh-water in 
habit. It contains a number of generic types, including the 
medicinal leech, Ilirudo medicinalis , and the horseleech, Hacmopis 
( Aulastomum ) gulo. The former can be distinguished from the 
latter by its power of contracting itself into an oval olive-shaped 
form, which power is not possessed by the horseleech ; the latter 
has, moreover, only two caeca, while the common leech has ten pairs 
of these appendages of the intestine. The genus Limnatis is 
called after the Greek word XifivrjTis, which Theocritus applied to 
the leech. It is found in the Nile, and caused serious incon- 
venience to the army of Napoleon. His soldiers in drinking at 
pools sucked up the small leeches not thicker than a horse’s 
hair, whose presence in the hinder part of the mouth cavity 
produced divers objectionable results, such as spitting of l>lood 
and hindered respiration. 

Fam. 2. He rpobdellidae. — Pharynx without denticulate jaws, 
with three unarmed chitinous plates. 

A characteristic genus of this family is Trocheta , which is so 
common at the Zoological Society’s Gardens and in the Regent’s 
Park, and which has been met with in other places near London ; 
it is in this country an introduced species, but is found in many 
1 Ann. Mag . Nat. Hist. (6) xii. 1893, p. 75. 
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parts of the continent. It is a land-leech, and lives upon earth- 
worms. 

The genus Haemadipsa , which M. Blanchard places in a 
special sub -family, contains a number of species which are 
for the most part land -leeches. Land- leeches occur in many 
parts of the world, but chiefly in the tropics — in India, Ceylon, 
Java, South America, etc. They lie in wait for their prey, upon 
the ground as a rule ; but they may ascend herbs and shrubs to 
gain a better outlook when they are aware of an approaching 
footstep. A vivid account of the ferocity of these tiny Annelids 
in Ceylon can be read in Sir J. E. Tennent’s Natural History of 
Ceylon. They have been said to be so pugnacious and so poison- 
ous that persons surprised in their sleep by the pests have suc- 
cumbed to their united efforts. A whole battalion of English 
soldiers decamped on one occasion from a wood which was over- 
flowing with land-leeches. The familiar misquotation “ lethalis 
hirudo ” might well be applied to this species. Professor Whit- 
man has written much upon the habits of the land-leech of Japan 
( Haemadipsa japonica ), which bites so softly that its presence 
cannot be detected except for the stream of blood which trickles 
from the wound. While it is feeding it emits from the pores 
of the nephridia a clear fluid, which, as it appears, is used to 
keep the skin moist ; when unduly dried the same phenomenon 
occurs. It is curious that in this and other leeches the nephridia 
should play a part which in the earthworm is played by the 
dorsal pores ; in both animals the glands of the skin are also 
concerned with the same duty. 

The purely aquatic leeches swim by undulations, and also 
crawl by the help of the two suckers, like a “ Geometer ” caterpillar. 
But when a land-leech is dropped into the water it at once sinks 
to the bottom and crawls out ; it does not swim, but can survive 
immersion for a long period. In this it resembles the earthworms, 
which can also survive a prolonged immersion, and even in the 
case of some are indifferent to the medium, land or water, in which 
they live ; the land-leech, however, is entirely dependent upon 
damp surroundings ; a dry air is fatal to it. The land-leech ^of 
Japan leaves a slimy trail behind it as it crawls, in this respect 
recalling the land Planarian Bipalium kewense. 
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CHAPTER XV 


(iKPlIYKKA 

INTKODUCTION ANATOMY DEVELOPMENT KlPlJNClJLOmEA — 

PMAPULOIHEA - — KCHIUKOIDEA K PI Til KT( )SOM ATO 1 1 ) E A — 

AFFINITIES OF THE CiKOUP. 

The animals included in the above-named group were, formerly 
associated with the Echinodermata. l)elle Chiaje 1 2 * states that 
Bohadsch of Prague in 1757 was the first to give an accurate 
description of Sipumulus under the name of Syrinx, but Lin- 
naeus, who noted that in captivity the animal always kept its 
anus directed upwards, re-named it Sijmwvlus. Limarck “ placed 
the Gephyrea near the Holothurians ; and Cuvier* also assigned 
them a position amongst the Echinoderms. He mentions Bonellm , 
Thalassema, Echinrm , Sterna sp in, and three species of Sipunculm , 
one of which, S. edulis , “ sort de nourriture aux Chinois qui 
habitent Java, et qui vont la cliercher dans lc sable au nioyen 
de petits bambous prepares/* 

The name Gephyrea 4 was first used by Quatrefages, who 
regarded these animals as bridging the gulf between the Worms 
and the Echinoderms. He included in this group the genus 
Stcrnaspis ( vide p. 335), now more usually classed with the 
Chaetopoda. 

The Gephyrea are exclusively marine. They are sub- 
cylindrical animals, which can either retract the anterior end 
of their body— the introvert -carrying the mouth into the 

1 Memorie sulla Storia e Notomia degli Animali senza Vcriebrc , 1823. 

2 Jfistoire Naturelle des Animaux sans Vcrtebres, vol. iii. 1816, p. 70. 

8 Lc Regne Animal , 2nd ed. 1830. 

4 y£(f>vpa = & bridge, Ann, Set. Nat . (3), vol. vii. 1847, p. 340. 
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interior ; or are provided with a long flexible but non-retractile 
proboscis. The latter is easily cast off. They usually bear 
spines or hooks of a hard chitinous character, secreted by the 
epidermis or outermost layer of cells. The mouth is at the base 
of the proboscis or at the end of the protractile part, the anus is 
at the other end of the body or on the dorsal surface. The 
nervous system consists of a ring round the mouth and of a 
ventral nerve -cord. A vascular system is present as a rule. 
Nephridia are found which act as excretory organs, and in most 
cases also as ducts for the generative cells. The Gephyrea are 
bisexual, and the male is sometimes degenerate. 

The group may be divided into four Orders : — (i.) Sipuncu- 
loidea ; (ii.) Priapuloidea ; (iii.) Echiuroidea ; (iv.) Epithetosoma- 
toidea ; of these the first is by far the largest, both in number of 
genera and of species. 

The Anatomy of Sipunculus nudus. 

External Characters. — The body of S. nudus when fully 
extended may attain a length of a foot, or even a little more ; in 
this condition it is seen to consist of two portions, the anterior 
of which is, however, retracted into the other when the animal is 
disturbed. The retractile portion is sometimes termed the pro- 
boscis, but as its nature is entirely different from that of the 
proboscis of the Echiuroidea, it is better to refer to it as the 
introvert Special retractor muscles are attached on the one 
hand to the body-wall about half-way down the body, and on 
the other hand are fused into a muscular sheath which surrounds 
the gullet, just behind the mouth. When these muscles con- 
tract, they withdraw the introvert into the rest of the body or 
trunk in much the same way as the finger of a glove may be 
drawn into the hand, by a thread fastened to the inside of its 
apex. The introvert is protruded by the contraction of the 
circular muscles of the body-wall. These exert a pressure on the 
fluid which fills the body-cavity, and by this means the sides of 
the introvert are forced forward until finally the head is exposed. 

The introvert occupies about one -sixth or one -fifth of the 
total body length. It is somewhat narrower than the trunk, 
and is covered by a number of small flattened papillae, some of 
which lie with their free ends directed backward, overlapping 
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one another like tiles on a roof. I 11 some other genera, as 
Phymosoma, the introvert bears rows of horny hooks, which are 
apt to fall off as the animal grows old. 

The trunk has from thirty to thirty-two longitudinal furrows, 
the elevations between which correspond with a similar number 
of muscles lying in 
the skin. This longi- 
tudinal marking is 
crossed at right angles 
by a circular marking 
of similar origin, the 
elevations of which cor- 
respond with the circular 
muscles in the skin. 

These two sets of mark- 
ings thus divide the skin 
of the trunk into a 
number of small square 
areas, very regularly 
arranged (Fig. 212). 

The outline of the 
trunk is more or less 
uniform, but it is cap- 
able of considerable 
change according to the 
state of contraction of 
its muscles. The cir- 
cular muscles, for in- 
stance, may be contracted 
at one level, thus caus- 
ing a constriction at this 
spot. The colour of S. 
nudus is a somewhat 
glistening greyish- white. 

The anterior end of the fully-expanded Sipunculus may be 
termed the head; here the skin is produced into a frayed fringe 
which stands up in the shape of a funnel round the mouth. 
This fringe is grooved on its internal surface with numerous little 
gutters, all of them lined with cilia, which by their constant 
motion keep up a current which sweeps food into the mouth. 



Fig. 211. — Right half of the anterior end of Sipun- 
culus nudus L., seen from the inner side and 
magnified, «, Funnel-shaped grooved tentacular 
crown leading to the mouth ; b t oesophagus ; 
c, strands breaking up the cavity of the tenta- 
cular crown into vascular spaces ; c\ heart ; (/, 
brain ; e, ventral, and e', dorsal retractor muscles ; 
/, ventral nerve-cord j G, vascular spaces in ten- 
tacular crown. 
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The fringe may be in the form of a simple ring round the mouth, 
or the ring may be folded in at the dorsal side so as to take 
the form of a double horse-shoe (Figs. 211 and 212). 

Body -wall. — The glistening appearance of Sipmncidus is 
due to the cuticle, a chitinoid layer which is secreted by the ex- 
ternal layer of cells, the epidermis. Beneath this lies a layer of 
connective tissue, which is not always present in other Gephyrea; 
within this lies a layer of circular muscles arranged in bundles 
then comes a very thin sheath of oblique muscular fibres, then 
a thicker layer of longitudinal muscles, and finally a layer of 
peritoneal epithelial cells, which in Sipunculus are for the most 
part ciliated. 

Scattered over the surface of the body, and opening by nar- 
row tubes which pierce the cuticle, are a number of glandular 
bodies which may be either hi- or multi-cellular. The glandular 
cells are apparently enlarged and modified epidermal cells; they 
are arranged in a cup-shaped manner, with their apices directed 
towards the orifice. They are crowded with granules, which 
are presumably poured out over the cuticle, but the exact 
function of the secretion is entirely unknown. They have a well- 
developed nerve supply. 

Digestive System. — The mouth lies in the centre of the 
fringe, and is not provided with any kind of jaw or biting arma- 
ture ; it leads directly into the thin-walled alimentary canal, the 
first part of which . is ciliated. The alimentary canal is not 
marked out into definite regions, but passes as a thin-walled 
semi-transparent tube to the posterior end of the body, and then 
turns forward again and opens to the exterior by an anus situ- 
ated about an inch below the junction of the introvert with the 
trunk, on the median dorsal line. The descending and ascending 
limbs of the alimentary canal are coiled together in a spiral, 
which may be more or less close in different individuals. The 
whole is supported by numerous fine muscular strands, which 
pass from the walls of the intestine to the skin, and by a spindle- 
muscle, which runs from the extreme posterior end of the trunk 
up the axis of the spiral and terminates in the skin close to the 
anus. 

No glands open into the alimentary canal at any point of its 
course, but near the anus a simple diverticulum, or pocket, of 
unknown function arises. The size of this outgrowth differs 
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enormously in different 
individuals. The aliment- 
ary canal near the anus 
also bears two tuft - like 
organs, which, however, do 
not open into the intes- 
tine, but probably have 
some function in con- 
nexion with the fluid in 
the body-cavity. 

Along the whole course 
of the alimentary canal 
there runs a ciliated groove, 
into which the food does 
not pass, but the cilia of 
which probably keep in 
motion a current of water 
whose function may be 
respiratory. 

Vascular System. — 

On the dorsal surface of 
the anterior end of the 
alimentary canal lies a 
contractile vessel, usually 
termed the heart. It is 
a tube about an inch long, 
ending blindly behind, but 
opening in front into a 
ring - shaped space sur- 
rounding the mouth and 
partially enveloping the 
brain. From this ring-like 
vessel numerous branches 
are given off which pass 
into the fringe round the 
mouth, and probably the 
chief function of the heart 
is by its contraction to 
force fluid into this fringe. 



and so to extend it. The heart contains a corpusculated fluid. 


F] 212,— Sipuncultts nuilus L., with introvert and head fully extended, laid open by an incision along the right side to show the internal 
organs, x 2. a. Mouth ; K ventral nerve-crod ; <\ heart : d, oesophagus ; e. intestine; /, position of anus ; g, tuft-like organs ; K right 
nepl iridium ; /. retractor muscles ; j, diverticulum on rectum. The spindle-muscle is seen overlying the rectum. 
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A similar but shorter, tube is found on the ventral surfece qf the 
anterior end of the alimentary canal in the species in question; 
it also opens into the riug which surrounds the mouth. 

Respiratory System.— There are no special respiratory 
organs, and it has long been a matter of dispute where . the 
respiration of Gephyrea is carried on. The oxygenation of the 
blood probably takes place to some extent through the walls of 
the oral fringe, but the blood which receives its oxygen at this 
spot is limited in its distribution, and could only supply the 
brain and head. It seems probable that the remaining organs 
are supplied with oxygen by the fluid of the body-cavity, which 
bathes them on all .sides. This might obtain its oxygen from 
the blood in the heart, or more probably, through the thin walls 
of the intestine, from the stream of water which is maintained by 
the ciliated groove described above. Quite recently a form — S. 
mundanus , var. branchiata — has been described 1 with thin-walled 
papillae covering parts of the skin. These papillae are full of 
corpuscles, and are regarded by their discoverer as branchiae. 

Body-Cavity. — The pinkish fluid of the body-cavity contains 
numerous corpuscles, the products of the reproductive organs 
(either ova or spermatozoa), and some curious unicellular bodies 
known as “ urns.” The latter are shaped like a bowl with a 
ciliated rim, and are formed from the budding of certain cells on 
the walls of the dorsal blood-vessel . 2 Their function is unknown, 
but they resemble certain multicellular bodies found in the body- 
cavity of Phascolosoma. The generative cells found in the body- 
cavity are further considered below. The true corpuscles are 
either biconcave round corpuscles coloured with a chemical sub- 
stance, the liaemerythrin of Krukenberg, which apparently plays 
the sapie role as haemoglobin in other animals ; or amoeboid 
corpuscles, which, though rare in Sipunculus, are very numerous 
in Phascolosoma. 

Nervous System. — The nervous system of Sipunculus con- 
sists of a brain or cerebral ganglion, a circumoesophageal ring 
surrounding the gullet, and a ventral nerve-cord. The brain is 
a small bi-lobed nervous mass situated on the dorsal surface of. 
the oesophagus, in the angle between the right and left dorsal 
retractor muscles close to their point of insertion. Numerous 

1 Fischer, Abh. Ver. Hamburg , Bd. xiii. 1895, p. 1. 

* Culnot, Arch . Zool. exp. (2) ix. 1891, p. 593. 
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nerves arise from it, and pass to the fringe surrounding the 
mouth and to neighbouring parts. At the sides, the brain 
is continued into two stout nerve-cords which encircle the oeso- 
phagus, and meeting, fuse together in the median ventral line 
to form the ventral nerve-cord (Fig. 211). The latter is of the 
same diameter throughout, and shows no signs of segmentation ; 
it is oval in section, and consists of small ganglion cells heaped 
up on the ventral surface, i.e, next the skin, and of numerous 
fibres situated dorsally. The cord gives oil many nerves, which 
usually arise in pairs. These pass into the skin, and forming 
rings, run round the body, and give off finer nerves as they go. 

The nerve-cord is supported by numerous strands of muscle 
which pass to it from the skin. These are especially long in the 
region where the introvert joins the trunk, and thus allow free 
play to the nerve-cord when the former is being protruded or 
retracted. 

jS Hjjanetdits is not well provided with sense-organs, but in an 
animal which lives buried in sand we should not expect to find 
these very highly developed. On the introvert there are certain 
patches of epithelium bearing long stout cilia, which have been 
regarded as tactile in function, and there is a tubular infolding 
reaching the brain, which almost certainly has some sensory func- 
tion. Ward 1 has termed this “the cerebral organ.” It consists 
of a duet lined with ciliated cells, which opens to the exterior in 
the middle dorsal line outside the tentacular fringe. The duct 
leads down to the brain, and expands at its lower end into a 
saucer-shaped space, covering that portion of the brain where 
its substance is continuous with the external epithelium. I 11 
Phymosoma this cavity is produced into two finger-shaped pro- 
cesses, which arc sunk into the brain and are lined by cells 
crowded with a dense black pigment. 2 They are probably rudi- 
mentary eyes, perhaps distinguishing only between darkness and 
light. The pits appear to he absent in tiijjuuculus nndus, but 
Andrews states they are found, although without pigment, in 
8. gouldii? 

Excretory System. — The excretory organs or “ brown tubes ” 
are typical nephridia , that is to say, they consist of tubes 

1 Bull, Mus . Harvard , vol. xxi. 1891, ]>. 143. 

- Shipley, Quart . J, Micr. Sci. vol. xxxi. 1890, p. 1. 

3 Stud. Johns Hopkins Univ . vol. iv. 1887-90, p. 389. 
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with glandular walls which open on the one side to the exterior, 
and on the other by means of a ciliated funnel-shaped opening 
into the body-cavity. In Gephyrea one wall of the tube is 
produced into a long diverticulum or sac which hangs down 
into the body-cavity, and is usually supported by muscle -libres 
running to. the body-wall. The lower end of the sac is broken 
up into a number of crypts or pits, lined by large glandular cells 
crowded with brown pigment. The pigment-granules are secreted 
into the cavity of the sac, and leave the body through the external 
opening; they probably consist of the nitrogenous excreta of the 
animal. The upper end of the sac, into which both the external 
and internal orifices open, is usually enlarged, and its walls are. 
very muscular. As in so many other animals, the nepliridia 
serve as ducts through which the reproductive cells leave the 
body of the parent. 

Reproductive System. — The Gephyrea are bisexual. In 
tfiptwu'tdm the testes and ovaries arc found in the same position 
in the two sexes, and are indistinguishable without microscopic 
investigation. They each consist of small ridges situated at the 
lower end of the ventral retractor muscles, just where the latter 
take their origin from the longitudinal muscles of the skin. At 
this level the cells which line the body-cavity on the inside of 
the skin are heaped up, and become modified in the one case into 
ova or eggs, and in the other into the mother-cells of the sperma- 
tozoa. This method of forming the reproductive organs from 
modified cells lining the body-cavity is very common' in the 
higher animals ; but it is seen in its simplest and least modified 
form in the Sipunculidae. 

The eggs break away from the ovary in a very undeveloped 
condition, but whilst floating about in the body-cavity they 
increase in size and secrete a thick membrane around them. 
They have a well-marked nucleus, and are oval in outline. 

The mother-cells of the spermatozoa also break away in an 
immature condition, and complete their development in the nutri- 
tive fluid of the body-cavity. They divide into a number of 
spermatozoa, usually eight or sixteen, which remain in contact. 
They each develop a tail, which projects outwards, and aids the 
cluster in swimming along. These clusters of spermatozoa are 
about the same size as the ova of the female, and, like them, 
make their way into the “ brown tubes.” The exact way in 
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winch this is accomplished is not very clear, but the cilia on the 
funnel-shaped internal opening of the tube seem to have some 
power of selecting the generative cells when they come within 
their reach, and of passing them on, whilst they reject the much 
smaller corpuscles of the perivisceral fluid, which are never found 
in the nephridia. 1 Once inside the internal opening, the clusters 
break up and the spermatozoa escape singly into the sea. Here 
they meet with and fertilise the eggs which have escaped from 
the body of the female. 

Development. — Hatschek, 2 who investigated the develop- 
ment of Svpuncul/us nudus at Pantano, an inlet of the sea 


near Messina, states that the 
spawning takes place during the 
night, and ceases about July 
10. The rate of development 
depends upon the temperature, 
but the larvae usually free them- 
selves from the egg-membrane 
during the third day. When 
hatched the embryos lengthen 
out a good deal, and take the 
form represented in Fig. 213. 
The larva swims actively by 
means of a ring of stout cilia, 
which encircle the body just 
behind the mouth. Other shorter 
cilia are found on the head, con- 
tinuing into the lining of the 
mouth, and a little bunch of 
them is situated at the extreme y 
posterior end. The alimentary 
canal is already formed, and is 
twisted, so that the anus lies 
dorsally, but not so far for- 
ward as it does in the adult. A 





'io. ‘21 It. —Larva of Sij/miculus nudus L. 
x 150. (After Hatschek. ) a. Mouth ; 
ft, anus ; r, excretory organ ; </, glandu- 
lar appendage of oesophagus ; <% wall 
of stomach over which the retractor 
muscle runs ; /, invaginated sense- 
organ at aboral pole. 


glandular structure opens into the mouth, and another body of 


unknown function is connected with the oesophagus ; both these 


disappear during larval life. A pair of excretory tubules, the 


1 Conn, Stud. Johns Hopkins Univ. vol. iii. 1884-87, ]>. 361. 
2 Arh. Instil. Wien, Bd. v. 1884, p. 61. 
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forerunners of the brown tubes, are found, and the chief muscle 
tracts are already established. The nervous system is still in 
close connexion with the skin, from the outer part of which it 
is derived ; the cerebral thickening bears two eye-spots. 

The fluid of the body -cavity contains corpuscles, which are 
kept in active circulation by the constant contractions of the 
body-wall, and by numerous tufts of cilia which are borne on 
the inner surface of the skin. The dorsal blood-vessel is one of 
the latest organs to arise. 

The larva swims actively about for a month, during which 
time it increases greatly in size ; it then undergoes a somewhat 
sudden metamorphosis. The ciliated ring and the structures 
related to the oesophagus begin to disappear, the distinction 
between the head and the rest of the body is obliterated, and the 
head becomes relatively small. The mouth changes its position, 
and becomes terminal instead of being somewhat ventral, and 
the tentacular membrane begins to appear. At the same time 
the larva relinquishes its free-swimming life, and sinks to the 
bottom ; it begins creeping amongst the sand by protruding and 
retracting the anterior part of its body, and takes on all the 
characters and habits of the adult. 

I. Order Sipunculoidea. 

Besides th& genus Sijruncuius , the Order Sipunculoidea includes 
ten other genera. A key to these, taken for the most part from 
Selenka’s admirable monograph, is given on page 424. 

Phascolosoma contains, in comparison with Sijmnculus, only 
small species, and it is easily distinguished by the fact that the 
longitudinal muscles are fused into a continuous sheath. As a 
rule the skin is smooth. A few species bear hooks, which are 
generally scattered irregularly and not arranged in transverse 
rows, as in Pliymoaoma (Fig. 214) and most of the other genera. 

The fold which in 8. nudus surrounds the mouth may be 
in the same species bent in so as to take the form of a double 
horse-shoe, the opening of which is always dorsal, just above the 
brain ; in this case the mouth is crescentiform. In other genera 
the fold is broken up into discrete tentacles, and these are vari- 
ously arranged ; in Dendrostoma they are grouped together in 
four or six bundles round the mouth, but the more usual arrange- 
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lueiit is the horse -shoe -like row of tentiieles which overhang 
the crescentiforni mouth, as in Phymosoma and some species of 
As/ndosiphon. 

Ihe ventral side of eacli tentacle is grooved and ciliated, and 
the grooves are continued into the ciliated mouth. Their dorsal 
surface is pigmented, and in the hollow 
of the horse-shoe lies a deeply pig- %i|| 

men ted epithelium covering the brain. HB 

A blood - vessel courses up each pEi 

tentacle, and usually two channels l|jg ^ IjOBKji 

return the blood to the vascular ring \SsH?w 

which surrounds the mouth. In those in 

forms which possess tentacles on the 
dorsal side of the mouth only, the 
ventral part of the vascular ring lies B 

in the lower lip, which is tumid and /-tig! x% 

swollen. The brain supplies a nerve 

to each tentacle. J|jf 

When the introvert is retracted 
the t(mtacular ring is withdrawn ami A 
to some extent collapsed ; in this con- 
dition it would be almost touching 
the rough external surface of this 
introvert. In some species of Ph/ywn- $39 

soma the delicate appendages of the 
head are guarded from the hooks on Jpjlf 

tlie introvert by a thin membrane or m xm 

collar, 1 which completely ensheaths lp|| 
the retracted head. 

When the introvert is fully ex- F „. 214 . ^ P , l!/momnn 
tended the dorsal blood-vessel con- latum v. s. Lend*. x 2. B, 

tracts and sends its blood forward Pig mt .„te.l pit leading to l.rain. 

into the Vascular ring, and thence The ereseentiform mouth on 

, , , * , , « , , the lower side of the figure is 

into the tentacles or tentacular fold, overhung by the tentacles. 

which are thus erected. In several 

species of JSipunculus , as aS'. nudus, & norrcyicus, & robustus , S. 
tessclatm, there is a ventral blind tube as well as a dorsal, into 
which the blood is withdrawn when the head is retracted. In 
many other species in various genera, such as Phymosoma 
1 Shipley, Quart. J. Micr. Sci. vol. xxxii. 1891, p. ill. 
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'ireldonii and Ph . asser, Dendrostoma signi/er, & vastus, the lumen 
of the dorsal vessel is increased by numerous hollow blind pro- 
cesses which it bears, hanging freely into the body-cavity. 
Three very small genera of Sipunculids — Onchnesoma , Petalo - 
stoma, and Tylosoma — are devoid of all trace of vascular system 
and of tentacles : the mouth opens in the centre of the anterior 
end of the introvert. In Onchnesoma. the dorsal part of the lip 
is somewhat produced, so that the head has somewhat the shape 
of a Doge’s cap, and in Petalostoma there are two leaf-like pro- 
cesses of the body-wall which guard the mouth. 

The extent to which the intestine is coiled varies very much 
even in the same species ; the axis of the coil is often supported 
by a spindle-muscle, but this is sometimes absent. The caecum, 
which opens into the rectum of 8. nudus, is again a very variable 
structure, and when it is present varies remarkably in size. 

The food of Sipunculids seems to consist almost entirely of 
sand, and their only nourishment must be such small microscopic 
organisms or particles of animal and vegetable debris as are to be 
found mixed with the sand. The alimentary canal is, as a 
rule, quite full of sand, and yet in spite of the tenuity of its 
walls they never seem to be ruptured. If the contents of the 
digestive tube be washed out with a pipette, it will be found 
that it requires considerable force to dislodge many of the 
sand- particles lying next the wall. These are more or less 
embedded in crypts or pockets of the wall, and as the sand 
passes along the intestine they probably serve as more or less 
fixed hard points, against which the sharp edges of the sand 
particles are worn off. Amongst the sand are usually to be 
found pieces of shell, sometimes with a diameter equal to that 
of the alimentary canal; these are usually rounded, but their 
angles may have been removed by attrition before they entered 
the mouth of the Sipunculid. 

In 8. tessclatus the sand is to some extent held together by a 
mucous deposit ; in those cases where there is no sand in the 
intestine, there is always a coagulum of mucus, and the walls 
are contracted and thick ; when full of sand the walls ^ are 
tensely stretched and very thin. This thinness of the wall of 
the alimentary canal seems ill-adapted to a diet of sand, never- 
theless it is also met with in other great sand-eating groups of 
animals, such as the Echinids aud the Holothurians. 
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The enormous amount of sand and mud which passes through 
the bodies of the Sipuneulids shows that they must take a con- 
siderable part in modifying the mineral substances which form 
the bottom of the sea. Just as earthworms, as shown by J)arwin, 
play a considerable role in the formation of soil, so must these 
animals, in conjunction with Echinids and Holothurians, effect 
considerable modifications in the sand and mud which pass 
through their bodies. Mr. J. Y. Buchanan 1 is “led to believe; 
that the principal agent in the comminution of the mineral 
matter found at the bottom of both deep and shallow seas and 
oceans, is the ground fauna of the sea, which depends for its 
subsistence on the organic matter which it can extract from the 
mud.” The minerals at the bottom of the sea are exposed to a 
reducing process in passing through the bodies of the animals 
which eat them, and subsequently to an oxidising process due 
to the oxygen dissolved in the sea-water acting on the minerals 
extruded from the animals’ bodies. 

The rate at which the sand passes through the body of 
Sipunculns is unfortunately unknown, but that at any one 
moment a considerable quantity is contained in the intestine is 
shown by the fact that the average weight of five specimens of 
S. nudus from Naples, taken at random, was 19 08 grins., whilst 
the average weight of sand washed out of their alimentary canal 
was 10*03 grms. The sand contained in five other specimens 
of the same species measured respectively G c.e., 7 c.c., GT» c.c., 
7*5 c.c., and 7*5 c.c., giving an average of 0*9 c.c. for each 
individual. 

Onchnesoma and Tylosoma have only one retractor muscle ; 
Asj)idosipho 7 i and Phascolion have, as a rule, two ; Phymosoma. 
and Sipunculns have four, and perhaps this is the more usual 
number. 

Phascolion , Tylosoma , and Onchnesoma have but one “ brown 
tube ” ; in Phascolion this is the right, in Onchnesoma, it is 
sometimes the right and sometimes the left that persists. Most 
other genera retain two, but there are many exceptions ; for 
instance, Phascolosoma squamatum has but one, and so has 
Aspidosiphon tortus, and in both cases it is that of* the left 
side. No Sipunculid has more than two. It has been pointed 
out by Selenka that those species which have but one brown 
1 Proc. Roy, Soc. Ed in. xviii. 1892, p. 17. 
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tube are, as a rule, inhabitants of tubes or shells, and do not 
move actively about in the sand. 

The eggs of all members of the family, with the exception of 
the genus Phytnosoma, are spherical, but those of the last-named 
genus are' elliptical. They are always surrounded by a thick 
membrane, the “ zona radiata,” pierced by numerous pores. 

Aspidosiplion (Fig. 215) is easily recognised by the presence 
of two symmetrically-arranged cuticular shields, one at each end 
of the trunk. These are formed by the fusion of minute cuti- 
cular plates, such as exist in the skin of most Sipunculids. The 
posterior shield is radially symmetrical, but the 
anterior is somewhat like the shell of a Pecten, 
and symmetrical only about one plane. The 
introvert is protruded from the acute angle 
of the anterior shield, and when extended lies 
almost at right angles to the trunk, instead of 
being, as is usually the case, in the same 
straight line with it. In many specimens, and 
these seem as a rule to be the older ones, a 
deposit of calcium carbonate takes place over 
these shields, covering over and concealing their 
external markings. 

Clocosip/wH. ( Echinosipliov ) has a calcareous 
ring, consisting of four or live rows of lozenge- 
~truuMtHM shaped calcareous bodies forming a close mosaic, 
K«f. : . a, in- arranged round the base of the introvert, which 

extended, but^imt when extended is in the same straight line as 
thfhe-i ] ly t0 Sl ° ' ^ u ' t,rim k- Each piece bears a brown spot, 
which is said to be the pore of a gland (Fig. 
217). Golfinyia Lankester, has a cylindrical horny thickening at 
the anterior end of the trunk and another at the posterior. 

Key to the Genera of Sipunculoidea . 1 

1. The longitudinal muscles in the body-wall divided into 17-41 distinct 
bundles. Four retractor muscles. 

A. Body covered with papillae. Numerous filiform tentacles wliicli 
seldom (or never?) surround the mouth, but stand above and 
dorsal to it in a horse-shoe, with the opening dorsal. No rectal 

1 Selenka, Die Sipuneulidcn. Seinper’s Arisen ini Archipel d. Phillipinen , vol. 
iv. 1883. 
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caecum. Hooks usually present. Four retractors (in l J h. Rupellii 
only two?). Heart almost always without caeca. Eye -spots 
always present. Eggs oval, flat, reddish. Almost entirely small 
tropical species ... . 1. Phymosoma 

B. Body devoid of papillae. Tentacular membrane surrounds, the 
mouth in a circlet. Rectum with one or more caeca (except 8. 
edulisl). Hooks absent except in 8. australis. Eggs spherical. 
The tentacular membrane contains a vascular network. A vent ral 
contractile vessel usually present in addition to the heart. Mostly 
large forms. Found in all seas . . 2. Sipunci-lith 

IT. The longitudinal muscles in the body-wall form a continuous sheath, 
and are not split up into bundles. 

A. Two brown tubes. Numerous tentacles form a wreath round 

tile mouth. Alimentary canal forms a complete spiral, free 
behind except in /Vi. Jfausmi. Spindle-muscle usually present. 
One or more ligaments present, but only on the anterior convolu- 
tions of the intestine. Adhesive papillae always absent. Hooks 
very frequently absent. Eggs spherical. Found in all seas. 

8. 1’hahcot.oroma 

B. Two free brown tubes. Only four or six plumed tentacles. 

A complete intestinal spiral, not attached behind. Spindle- 
muscle always present. One or more ligaments present, but only 
on the anterior convolutions of the intestine. Hooks are present, 
but sometimes fall off early in life. Heart usually bears caeca. 
Found only in the tropics. . . . 4. Dkxdkostoma 

(\ Only one brown tube, that of the l ight side, present ; it is 
attached to the body-wall throughout its entire length. Numer- 
ous tentacles form a circle round the mouth. The alimentary 
canal forms no spiral, or an incomplete one. No spindle-muscle, 
but the intestine is attached lo the body-wall throughout its 
length by numerous ligaments. Adhesive papillae often present. 
Not more than two retractors. Spherical eggs. Inhabits Mollusc 
shells or tubes. Found in all seas . . 5. Phahcoliox 

III. At both ends of the trunk a distinct horny shield, or tube-like cornifica- 

tion, or a calcareous ring at the anterior end of the trunk. Hooks 
sometimes present. Longitudinal muscles continuous or split up 
into bundles. 

A. A shield at both ends of the trunk. Introvert exeentric, arising 

from the ventral side of the anterior shield. Tentacles small 
and few in number, arranged in a horse-shoe above the mouth. 
A spindle- muscle, which arises from the posterior end of the 
body, traverses the intestinal coil. Two retractors only, these 
are the ventral ; they are frequently fused together from their 
point of origin. • . . 6. Ahpidosiphon 

B. A calcareous ring surrounds the anterior end of the trunk, from 

the middle of which the introvert is extruded. Longitudinal 
muscles continuous. Hooks bifid. Tropical. 7. Cloeosiphon 
0. A corneous ring, from which the introvert issues, surrounds the 
anterior end of the trunk, and the posterior end of the trunk is 
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produced into a corneous spike. Six pinnate tentacles encircle 
the mouth. Four retractors. Hooks present on the introvert. 
Longitudinal muscles continuous. Intestine not coiled through- 
out in a spiral nor fastened posteriorly. Spindle muscle present. 

8. Golfingia 

IV. No tentacles, but two leaf-like extensions of the body-wall guard the 

mouth. Four retractors. Few intestinal loops, quite free. No 
vascular system. . . . .9. Petalostoma 

V. No tentacles, no vascular system. One retractor, and one segmental 

organ. 

A. Introvert long. Body small, pear-shaped. . 10. Onchnesoma 

15. No introvert (?). Body cylindrical, thickly covered with papillae, 
which are larger and more crowded at both ends of the trunk. 

H. Tylosoma 

Species of Sipunculoidea. — The genus Phymosoma (Fig. 214) 
contains more species than any other genus of Sipunculoidea, and 
they are all of lair size. Twenty-seven species are known, of 
which seventeen occur in the Malay Archipelago, thirteen being 
found there alone. Phy momma affects shallow water, the deepest 
specimens being taken at a depth of about 50 fathoms ; this 
may he due to the tact that they flourish only in comparatively 
warm water. With very few exceptions, they are found only in 
tropical seas, very often living in tulmlar excavations made in 
soft coral rock. 

The genus Sijmneulas contains sixteen species. They are the 
largest and the most conspicuous members of the group. They 
have a very wide distribution, some species, as 8. nudus (Fig. 
212) and 8. australis , being almost cosmopolitan. They are 
most common in temperate and tropical seas, but 8. norvegicus 
and 8. priapuloides are found far north, but always at consider- 
able depths, 100 to 200 fathoms. 

The following account of the habits of Sipunculus gouldii is 
taken from Mr. Andrews’ 1 paper on that species : — 

“ This 8ipunculus is very abundant in certain small areas of 
compact, fine sand darkened by organic matter and not laid bare 
at ordinary low tide. In such places, only a few square metres in 
extent, they pierce the sand in all directions to a depth of more 
than half a metre, making burrows with persistent lumen run- 
ning from the surface downward and then laterally, but with 
no regularity in direction. 

“Kept in aquaria, the dependence of the animal upon the 
1 Stud. Johns Hopkins Uhiv. vol. iv. 1887-90, p. 389. 
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nature of the sand and its method of locomotion may he readily 
observed. A vigorous individual buries itself in a lew moments 
in the following manner: Running out the introvert to nearly 
its full extent, and applying it to the surface of the sand till 
some spot of less resistance is found, the animal still further 
expands the introvert so that it penetrates tin* sand, provided 
this is not too dense and lirm, for then the body is merely 
shoved backward. When the introvert is inserted, the con- 
traction of the longitudinal muscles of the body-wall brings 
the whole body forward somewhat, in case the introvert is fixed 
in the sand. I11 case soft ooze was present, this fixation did 
not take place, and the introvert was merely pulled out again, 
but when the sand was of the right consistency the introvert, 
was fixed by becoming much swollen at the t ip, and then con- 
stricted just posterior to this swollen area. This bulb-like, area 
exerts lateral pressure on the sand, as could be seen by move- 
ments of the grains. The swelling <>f the anterior end of the 
introvert is brought about by the body-wall contracting else- 
where, and forcing in liquid to distend that end. Owing to the 
curved form assumed by the body in the norma] contracted state 
when first removed from its burrow, the entrance of the introvert 
may often be nearly vertical, and hence the entire body is soon 
raised nearly upright in the water above the sand. If the body 
has thus been warped forward sufficiently to become somewhat 
fixed in the sand, the introvert is rolled in and again thrust 
forward from this new point of resistance, and so on till the 
animal is entirely buried. This locomotion increases in speed 
as the creature becomes more completely surrounded by sand, 
and is the only means of moving from place to place. 

“On a smooth surface, or on one not presenting the right 
degree of resistance, the Sijrunc-nhis does not change its position, 
but remains till death finally occurs, rolling its introvert in and 
out and contracting its body-wall to no purpose. 

"The essential factors in the mechanism bringing about this 
hydrostatic locomotion are an elongated contractile sac filled with 
liquid, and some means of definitely co-ordinating the contrac- 
tions of the sac. 

“ I11 natural environment the animals are found with some- 
times one, sometimes the other end nearer the surface of the 
sand: in the aquaria the same was observed, but when the 



428 


GEPHYREA 


water became stagnant and impure the anterior end with ex- 
panded branchiae was often protruded somewhat above the surface 
of the sand.” 

The genus Phascolosoma contains at least twenty-five species, 
for the most part small. Ph. margaritaceum , however, measures 1 
10 cm. in length, and Ph. flagriferum , 13 cm. The latter is 
produced at the hinder end of its trunk into a long whip-like 
process, which recalls the horny spike of Goljingia . Most species 
live free, but a few inhabit the shells of dead Gasteropods or of 



Fig. 210. — Specimens of the Coral Ifeteropsammia cochlea , with A spiduxiphon heteropsam- 
iniarum or A . michelini living in a state of commensalism with them. (From Houvier.) 


Dcntalinm, or the abandoned tubes of worms. They occur in 
practically all seas. 

JJendrostoma contains but five species, which are all found 
within the tropics in the Pacific or in the West Atlantic. They 
are shallow- water forms, and some are found between tide-marks. 

Phascolion is a smaller genus, containing but ten species, which 
may have been derived independently from different species of 
Phascolosoma, and in this case the genus should be broken up. 
The members of this genus live in Mollusc shells, such as 
Dentalium, Turritella, Buccinum , Chenopus (. Aporrhais ), Nassa , 
aS y trombus , and generally acquire the coiled shape of their host. 
They are usually attached to the shell by means of certain 
1 Selenka, Challenger Reports , vol. xiii. 1885. 






XV 


SIPUNCULOIDEA 


429 


adhesive papillae found on their posterior end. Ph. strombi 
fills its shell with mud, which must be kept together by some 
secretion of the animal. The body lies in a tube in this mud, 
and the introvert projects from the small round opening at the 
end of the tube, and explores the ground in every direction. The)' 
are found in all seas, but more especially in the colder waters. 

The genus Aspidosiphon includes nineteen species, which are, 
with few exceptions, exclusively confined to the Indian Ocean 
and neighbouring seas, including the lied Sea. The exceptions 
are A. armatus from the Norwegian coast, and A . miilleri from 
the Mediterranean and Adriatic. A. truncatm s* is also stated to 
occur at Panama, the Bahamas, and at Mauritius. The remain- 
ing species almost all occur in the 
Malay Archipelago and neighbouring 
islands, and as was the case with 
Phymosoma , this part of the world 
seems to be the headquarters of the 
genus. A . 'miilleri lives in the inter- 
stices of rocks and stones, and occa- 
sionally in disused Mollusc shells. 

Two species of Aspidosiphon have 
been described by Bouvier 1 living in 
a state of commensalism with two 
species of Madreporarian corals, Stepha - 
noceris rousseaui and Heteropsammia 
cochlea , which live on and surrounding 
the shells of certain Molluscs at Aden 
(Fig. 21G). Apparently the Gephyrean 
takes up its abode within its house 
at a tender age, and according to Bou- 
vier, it provides for its increasing bulk 
by secreting a coiled calcareous tube, 
the outer surface ot which affords Q Uatr . * 4 . introvert covered 

space for the growth of the coral. witl J "i>V‘ es 8,,d ex ' 

x tended, but not Mufficiently to 

The genus Cloeosiphon, the hcluno - show the head ; b % calcareous 

siphon of Sluiter, includes three pi«te» surrounding the poiut <rf 

1 7 origin of the introvert. 

species: C. aspergillum (Fig. 217), C. 

molle, and C. javanicum . The first named occurs at Mauritius, 
the Malay Archipelago, and neighbouring islands ; the others are 
1 Ann. Sci. nat. (7) vol. xx. 1895, p. 1. 
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confined to the last-named area, which thus again forms the head- 
quarters of a genus. 

Golfingia, described by Lankester from a single specimen, was 
dredged in St. Andrews Bay, at the depth of 10 fathoms. 

Petalostoma comprises but one species, P minutum , which is 
found in the English Channel. 

Onehnesoma comprises two species, 0. steenstrupii and 0 . 
sarsii , both found off the coast of Norway at considerable depths 
between 200 and 300 fathoms. 

Tylosoma comprises one species, T. liltkenii , also from the 
Norwegian coast. It is dredged from stony ground in 50 to 80 
fathoms. 


II. Order Priapuloidea. 

Anatomy. — This Order consists of the two genera Priapulus 
and Halicryptm . Both are cylindrical animals with the mouth 
at one end and the anus at the other. The introvert is short, 
and is covered with rows of cliitinous spines, which are con- 
tinued to some extent over the body. 

The skin is folded in a series of rings, and the body is usually 
somewhat swollen posteriorly. P. caudatus bears a curious caudal 
appendage, beset with a number of hollow lobes somewhat grape- 
like in appearance. This is situated ventral to the anus ; its 
lumen is continuous with that of the body-cavity, but it can be 
separated from it by the action of a sphincter muscle. Two such 
appendages exist in P. hicaudatus. 

There cannot be said to be any head in the Priapuloidea ; they 
have no tentacles or tentacular fringe, no proboscis, and no 
distinct brain; simply a round aperture, the mouth, which is 
surrounded by a groove in the skin, at the bottom of which 
the circumoesopliageal nerve-cord lies. The mouth leads into a 
very muscular pharynx lined with stout chitinous teeth ; this 
passes into an intestine, which is as a rule straight, but in P. 
f/landifer it has a single loop. 

• The Priapuloidea possess no vascular system and no brown 
tubes. Their skin has in the main the same structure as that* of 
the Sipunculids, with spines, glandular bodies, and papillae with 
sensory hairs which resemble similar structures on Phymosoma 
varians. Ketractor muscles arise from the longitudinal muscles 
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of the skin, and are inserted into the pharynx ; they are short and 
not constant in number. 

The nervous system has retained throughout its primitive 
connexion with the epidermis. In almost all animals the 
nervous system is formed from the epiblast 
or outermost cellular layer of the embryo ; 
it usually, however, breaks away from this 
and sinks into the body. Thus in Sijmnr 
cuius it lies within the body-cavity, and 
has retained its primitive connexion with 
the outer layers of the skin only in the 
region of the brain ; but in the Priapulids 
the nervous system, which consists of a ring 
round the mouth and of a ventral cord, 
lies embedded in the skin, and the nerve 
cells arc directly continuous with the cells 
of the epidermis. The nerve-ring lies at 
the base of a groove in the skin, which 
forms a kind of gutter round the mouth ; 
the ventral nerve-cord is visible exteriorly 
as a light line which marks the ventral 
surface of the animal. I11 no place is the 
ring or cord differentiated in any way, and 
there cannot be said to be any brain or 
special sense-organs. N umerous nerves are 
given off from the ring to the pharynx ami intestine, and from 
the cord to the body- wall. 

The sexes are distinct, but they differ from the other Gephyrea 
in the nature of their reproductive organs. In mature specimens 
the ovaries or testes are easily recognisable, lying to the right 
and left of the alimentary canal. The reproductive glands are 
continuous with ducts, which act as oviducts and vasa deferentia 
respectively. Both glands and ducts are attached to the body- 
wall by a mesentery. 

The excretory function is performed in the Priapuloidea by the 
ducts of the generative organs. These are primarily connected 
with a number of branching canals of small size which project 
into the body-cavity. According to Sehauinsland, 1 one or more 
pear-shaped cells are found at the end of each branch, and each is 
1 Zool, Am, ix. 1886, p. 574. 



Fit;. 218. — I'riitpvlus ran - 
it ill'll h Lam. Nat., .size. 
a, Mou til .surrounded by 
spines. 
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continued into a long ciliuni which hangs down into the lumen 
of the canal, and by its movement produces a flickering motion. 
Beyond the free end of the large ciliuni the canal is lined with 
ciliated cells. The remarkable resemblance this form of excretory 
organ presents to that of the Platyhelminthes ( vide p. 25 ) and 
of certain (Jhaetopods is worthy of attention. In the young 
Priapuloidea the duct witli its branching canals is not masked 
by the generative organs, but as the animals become mature, 
diverticula from the duct arise, and the cells covering these become 
modified into ova in the female, and into spermatozoa in the 
male. The presence of these follicles masks the excretory part 
of the gland. The ova and spermatozoa escape through the 
ciliated ducts which open to the exterior one on each side of the 
anus, and, contrary to what is the case with other Gephyrea, 
leave the body without having ever been in the body-cavity. 

Nothing is known of the embryology of either member of this 
family, but both genera appear to be sexually mature from the 
end of May until October. 

Classification. — The two genera which make up the Order 
Priapuloidea are characterised as follows : — 

Priiqmlus . — The body is continued into one or two caudal 
appendages, beset with hollow papillae ; these are ventral to the 
anus. The introvert forms ^ to ^ of the total body-length ; it 
is covered with spines in conspicuous longitudinal rows, the rest 
of the body being ringed. The retractor muscles are numerous, 
and are attached to the body -wall, some anteriorly and some 
posteriorly. 

The genus includes the following five species : — 

I\ caudatus Lam. (Fig. 218). Hub. Coasts of Greenland, Norway, Great Britain, 
the North Sea, anil the Baltic. 

P . hicaudatas Dan. Hub. North Sea and Arctic Ocean. 

P. yhtndifer Elders. Hub. Coast of Greenland, North Sea. 

P. breviraudatus Elders. Hub. North Sea and Baltic, from ten fathoms. 

P. tubercnlatu-qrinoms Baird. Hal). Falkland Islands. 

Halicrypt-m . — No caudal appendages. Introvert to y.j of 
the total body length, with numerous spines arranged in close 
circles. Ketractors numerous and all attached to the body-wall 
anteriorly. 

H. sjAnulosiis v. Sieb. (Fig. 219)* Hah. North Sea, Arctic Ocean, and Baltic, 
in from two to fifty fathoms. 
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It will be noticed that with the exception of 1\ tuhereulato- 
spinosus, described by Baird from a single specimen, the whole 
family is confined to northern seas. 

Habits. — The newly-captured specimens of both 1\ eaiidatu* 
and H. spinulosus are of a fiesli colour, with a somewhat metallic 
sheen. According to Apel, the latter lived 
in an aquarium for more than five months, 
whilst the former died during the first 
month. When first introduced into the 
aquarium they immediately began to busy 
themselves in the mud or sand at its 
bottom, and very seldom showed themselves 
above it. They forced their way into the 
sand by alternately contracting and extend- 
ing their introvert, and the Priapui us 
arranged itself so that a portion, often a 
very small one, of its caudal appendage was 
exposed to the water ; this fact supports the 
view that the appendage is respiratory in 
function. When the animal buries itself 
deeply, the appendage does not relinquish its 
position at the surface of the sand, but 
stretches itself until it in some cases sur- 
passes the length of the body. On the other 
hand, Halicryptus (Fig. 219), according to 
the same observer, lies with the anterior 
end, the mouth, projecting from the surface 
of the sand, or else it curves itself, so that 
both ends project into the water. 

Leckenby, who described specimens of P. caudatus which 
were found by fishermen searching for worms for bait in the 
outer harbour at Scarborough at half tide, states that they live 
in sandy clay in U-shaped tubes, at a depth of about 9 inches, 
the tubes opening at each end on to the surface of the sand. The 
fishermen of this district call them “ sea mushrooms.” 

Halicryptus casts its cuticle in May and September ; it 
becomes loose first at the hinder end, and the split between it 
and the skin grows forward until the animal lies free in a 
cutieular mantle. After some days this is split, and the animal 
frees itself from it ; the cast-off cuticle includes for a short dis- 

VOL. II 2 F 



Flo. 219. — llalicryptv s 
spimflosns v. Sieb. x *». 
</, Dark lino indicating 
the position o(‘ the 
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spines. 
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tance the lining of the mouth, th&anurf; qnd the two generative 
P°res. 

III. Onier Echiuroidea. 

Anatomy. — Tile most striking peculiarity of the Echiuroidea, 
as opposed to the other two families of the Gephyrea, is the. 
presence of a solid dorsal outgrowth of a portion of the head, 
forming the proboscis. The nature of this proboscis is something 

(juite different from that 
of the introvert of the 
Sipunculoidea ; it would 
appear to correspond to 
an extension, in the mem- 
bers of the last-named 
Order, of that part of the 
head which is dorsal to 
the mouth and is covered 
by a peculiar pigment- 
epithelium, often in con- 
tinuity with the brain. 
In its outgrowth this 
portion of the body has 
carried with it the nerve- 
ring and the vascular 
ring, which both sur- 
round the mouth. The 
proboscis is found in all 
the genera with the ex- 
ception of the aberrant 
genus Sacco soma. 

r iu, 6C\J. A, Jiunvtnw Vil nius xvui., * , 0 , «.,/««* mi 

(jinosa. Both liat. size. a. Grooved proboscis ; llie UOUy OI me 
b, mouth ; c t ventral hooks ; d, aniiH. female Bonellia viridis , 

one of the best known 
species of Echiurids, is shaped like a small sausage, and is usually 
about 2 inches long. The proboscis arises from the anterior 
end, and is extremely extensible. At the distal end the proboscis 
splits into two short arms, which are often recurved ; along -the 
whole ventral surface runs a groove lined with cilia, which by the 
approximation of its edges can be converted into a tube. At 
the bottom of the proboscis the groove opens into the mouth. 





% 
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E chiurus, Thalassema, anct the female Hamiingia have short pro- 
boscides, which dp not bifurcate but otherwise resemble those 
of the fejuale i ionellia. 

The green colour of vivid is is due to a special pig* 



Fto. 221. — View of a 
female HonelHa 
riritlis llol., opened 
along the left side, 
x 2. a , Proboscis 
cut short ; ft, u bristle 
passed through the 
mouth into the pha- 
rynx ; c, convoluted 
intestine ; r/, anal tufts 
or vesicles ; e, ventral 
nerve-cord ; f, ovary 
borne on ventrul 
vessel running 
parallel with c; <y, 
position of anus ; //, 
points to position of 
external opening of 
nephridium ; /, neph- 
ri<lium. This line is 
on a level with the 
internal funnel- 
shaped opening. 


ment, " Bonellein,” which at one time was thought to be 
identical with chlorophyll. A similar green eolotir is found in 
Harningia arctica , Thalassema baronii , and the larvae of many 
forms. 

A short distance behind the mouth, on the ventral surface, 
the female JBonellia and both sexes of Thalassema and Echiurus 
bear two incurved stout chitinous hooks ; these gave the name 
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Gephyrea Ariuata to the above- -mentioned genera. In addition 
to these, Echiurus has a row of chitinous bristles surrounding 
the posterior end of the body ; the row is single in E. unicinctvs, 
double in E. pal fasti. These bristles are formed, like the hooks 
on the introvert of the Sipunculoidea, by epidermal cells ; those 
of B. minor and of the posterior rings in Echivrm are said to 
arise each from a single cell, just as the bristles do in Chaetopods. 

The skin consists of very much the same layers as does that 
of SipuriculuH ; the cuticle is thin, the epidermis is modified into 
numerous glandular cells, papillae, and pits, from which the 
bristles arise. A third layer of oblique or circular fibres is 
usually found inside the longitudinal muscle-layer. The proboscis 
is solid, and contains much connective-tissue and numerous muscle- 
fibres running in all directions; the ventral groove is ciliated. 

The alimentary canal in the Echiuroidea consists of a long 
thin-walled tube with numerous convolutions ; it is not coiled as 
in Sipunculids, but the loops are irregularly arranged, and are 
supported by numerous fine muscular strands which run from the 
skin. There is a ciliated groove running along one side of the 
intestine, as in the Sipunculids. The anus is terminal. The 
most striking peculiarity of the alimentary canal of the Kcliiurids 
is the existence of a collateral intestine or “ siphon.” This is a 
narrow tube which arises from the main canal not very far 
from the mouth, and re-enters it again lower down. A similar 
structure occurs in some Echinids, and in the Capitelliformia 
(pp. 272, 305). Its function is not certainly known. 

Another characteristic feature of the Echiurids is the presence 
of “ anal vesicles,” branching structures which unite into a common 
stem opening into the intestine close to the anus. The free end 
of each of the branches terminates in a ciliated funnel-shaped 
opening. The function of these structures may be excretory, or 
they may control the amount of fluid in the body-cavity. 

A closed vascular system exists in Echiurids, consisting of a 
contractile dorsal vessel running along the dorsal surface of the 
anterior end of the alimentary canal, and continued along the axis 
of the proboscis. At the tip of the proboscis it bifurcates, and 
each branch descends along the edge until it reaches the base where, 
having encircled the oesophagus, the two unite, and are continued 
as the ventral vessel which runs along the dorsal surface of the nerve- 
cord, and eventually ends blindly. There is also a vessel which 
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passes from the ventral vessel and encircles the intestine, opening 
into the posterior end of the dorsal vessel. In Echiurus the 
same vessel encircles a stout muscle which runs from the base of 
one of the ventral bristles to the other. In Tkalassema Lankcster 
states that the fluid within the vessels is colourless, and does 
not contain corpuscles similar to those in the body-cavity fluid. 

The “ brown tubes ” or nepliridia vary in number in the 
Echiurids. In the female Bonellia there is but one ; in B. viridis 
the right, in B. minor the left usually persists. In shape, 
colour, contractility, and minute structure they closely resemble 
those of Sipunculns. Hamingia is said to have a pair of bi own 
tubes ; Echiurus has two pairs, except E. chilensis , which has 
three; their internal openings are produced into long coiled slits 
in some genera. Tkalassema gigas has one pair ; 77/. neptuni , 
Tit. baronii , 77/. fonaosulmn , and Th. exilii , two ; whilst 77/. 
regrande , 77/. moebii , 77/. erythrogram m o n y Th. caudex , and 77/. 
sorbi flans have three pairs. 

The nervous system consists of a ventral cord lying in the 
body-cavity, as in the Sipunculoidca, but attached to the skin, 
and of a circumoesophageal ring. With the growth of the pro- 
boscis this ring is drawn out, and the two branches run along 
the sides of the proboscis and unite at the tip. There is no 
specialisation of brain, nor are any special sense organs present, 
but the ventral cord gives oil paired nerves at regular intervals, 
which, uniting dorsally, form rings in the skin in some and prob- 
ably in all species. 

The perivisceral fluid is of a dark brown colour in Thalussema , 
containing numerous spherical corpuscles deeply impregnated, 
according to La likes ter, with haemoglobin, and also containing 
granules of a brown pigment. Haemoglobin is also found in 
certain of the muscles and in part of the epithelial lining of the 
body-cavity. La likes ter also describes the presence of haemo- 
globin in the corpuscles of the perivisceral fluid in HnmingUi. 

The genital glands are, like those of the Sipunculoidca, formed 
by a special development of the cells lining the body-cavity. 
These cells are massed together along the wall of the ventral 
blood-vessel. In Echiurus and in Tkalassema the cells break off 
and float in the body-cavity, developing into ova and spermatozoa. 
In Bonellia each cell does not become an egg, but a mass of cells 
breaks off’, one of which increases in size at the expense of the 



438 


GKPHYREA 


others and forms the ovum. The mature sexual cells leave the 
body through the nepliridia. 

Bonellia and Hamingia present very interesting cases of 
sexual dimorphism. In both genera the female is an animal of 



Fra. 222. — An adult male Bon- 
cilia vivid in Rol. The ori- 
ginal was 1*5 mm. long. 
The nervous system is not 
shown. (Alter . Selenka.) a. 
Generative pore witli sper- 
matozoa coming out ; &, an- 
terior blind end of intestine 
attached to the parenchy- 
matous tissue by muscular 
strands ; c, green wandering 
cells containing chlorophyll 
d, parenchymatous connective 
tissue ; e % epidermis ; i, intes 
tine ; y\ vas deferens ; l, in 
ternal opening of vas deferens 
w, the left anal vesicle ; n. 
spermatozoa in the body 
cavity. 


considerable size with the normal structure of the Echiuroidea, but 
the male (Fig. 222) is a microscopic Planarian-like animal, which 
lives in the mouth and in the nepliridia of the female. Both in 
Bonellia 1 and in Hamingia the male is provided with a pair of 
hook -like ventral bristles ; these are wanting in the female 
Hamingia . The surface of the male is ciliated, and the skin 

1 This is not true of all species. 
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contains circular and longitudinal muscle-fibres. The body-cavity 
is developed, but does not reach to either end of the body. The 
alimentary canal is closed, neither mouth nor anus existing ; it 
is supported by regularly arranged dorso-ventral muscle strands. 
A nerve-ring and a ventral cord exist. There are also two 
rudimentary organs corresponding with the anal vesicles of the 
female, and a single nephridium which acts as a duct for the 
spermatozoa; the latter arise from modified cells lining the 
body-cavity. 

In both sexes the larvae develop to a certain stage without 
showing any trace of sexual differentiation, but after this stage, 
the development of the male is to a certain extent arrested ; in 
some respects, indeed, it undergoes retrogressive changes. At 
this time it is found clinging to the proboscis of the females 
thence it makes its way to the mouth, where it undergoes its 
filial change ; and then creeping out, finds its way into the nephri- 
dium of the female, and spends the rest of its life there in 
a special recess cut off by a fold from the excretory part of this 
organ. In llamingia , however, Lankester, who first described 
the male, did not find any in the nepliridia, but found five 
specimens, each inch long, within the dilated pharynx of 
the female. 

Development. — In Bonellia and flaming in it seems probable 
that the ova are fertilised in the nephridium of the female; in 
the other genera they are fertilised in the water after leaving the 
body of the mother. 

In Thalassema and Echiurus the growth of the embryo results 
in the formation of a typical Trochosphere larva, a type widely 
spread in the animal kingdom, being found in the Chaetopoda 
(Fig. 145, A), Polyzoa (p. 510), and Mollusca. The large prae- 
oral lobe persists in the Eehiuroidea as the proboscis ; the mouth 
is ventral in position, with usually a ring of cilia encircling 
the body in front of and behind it ; the anus is posterior and 
terminal. A pair of larval excretory organs are present, and a 
special nervous aggregation of cells at the apex of the prae-oral 
lobe is usually indicated by the presence of a bunch of long 
cilia. 

The trunk of the Trochosphere is unsegmented, and in 
certain groups of animals it remains so, but in Chaetopods, and 
in Echiurus and Thalassema , it elongates and becomes divided 
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up into a series of somites or segments. Of these there are 
fifteen in JEcltiurus , and apparently eleven in 
Th. mellita ; in this stage the Gepliyrean 
larvae have again so close a resemblance to 
the segmenting Chaetopod larvae as to be 
easily mistaken for them. The segmentation 
is shown in the following way : (i.) the 

middle layer of cells or mesoblast is typically 
segmented, and forms septa, which separate 
each segment from its neighbours ; (ii.) the 
ventral nerve - cord arises as segmentally- 
arranged thickenings of the epiblast, which 
fuse together, but retain their segmented 
appearance for some time ; (iii.) the skin shows 
the segmentation of the body both by the 
arrangement of the pigment and by bands of 
cilia. The latter are replaced in the adult by 
rows of spines, and on the fourteenth and 
fifteenth segments in Ecliiurus pallasii by 
the two peri -anal circles of bristles. Each 
Fm. 223. -- Echiurvs bristle, like those of Chaetopods, originates from 

yHllfilSlb vi lltiF . X o* . , _ _ 

Mouth at the end a Single Cell. 

of the grooved pro- The anal vesicles arise quite late in the 

hooks ; <?, ami*. development; when they have acquired their 
openings into the body -cavity, they seem 
to take in water. In Tlialassema , as described by Conn, this 
is accompanied by remarkable changes, amounting almost to 
a metamorphosis. The body increases in bulk fourfold, the 
cilia of the prae-oral ring disappear, and the animal now moves 
only by means of its proboscis ; the pigment is absorbed, and all 
traces of segmentation disappear. A similar intaking of water 
is described by Spengel in Bonellia. In this genus the larva, 
which is coloured bright green, and has two brown eye-spots, is 
not such a typical Trocliosphere as is that of Ecliiurus and 
Tlialassema. 

Nothing is known of the development of Hamingia or # of 
Saccosoma. 

Species of Echiuroidea. — Ecliiurus. Proboscis not bifurcated 
at the end. Two ventral hooks and a single or double peri- 
anal ring of bristles. The body is to a varying extent marked 




XV 


ECHIUROIDEA — SPECIES 


441 


by rings bearing spines. Two or three (2?. chile min') pairs of 
nephridia, their external orifice often lengthened and spirally 
coiled. Both sexes alike. 

Greef 1 mentions six species of Echiurus, viz. E. pallasii, X, 
forcipatun , E. sitchacnsis, E. chile 71 s in, E. carahaicus, and E. 
clirysacanthophw'us ; to these must be added E. nnicinctvs . It 
seems probable that E. forcipatus of Reinhardt is identical 
with E. paUasii, although bigger, whilst E. sitchacnsis, E. cara- 
haicus, and E. chri/nacanthophorus are inadequately described. 
The distribution of the remaining three species is as follows : — 

E. jxillasii Guerin (Fig. 223). North Sea, Atlantic, English Channel. 
E. unicinctus Drasche. Japan. 

K. chilensis Max Muller. Chili. 

Thalassema . — Proboscis rather pointed at the end, not bifur- 
cated. No peri-anal bristles, but two ventral hook-like bristles 
placed anteriorly. One to three or four pairs of nephridia. The 
sexes resemble each other. 

Greef mentions eight species of Thalassema and Kietseh 
thirteen ; three of these, however, 77/.. f/rohnumni, Th . lessonii , 
and Th. pelzelnii , were not seen by either author, and their 
description is taken from Diesing. There is some reason for 
thinking that the two first-named species are identical with Th. 
neptuni. Conn has established a new species for the specimens 
whose embryology he worked out at Beaufort, Virginia, and 
Selenka described a new species from the Challenger material. 

With the exception of the three doubtful species mentioned 
above, the list of species of Thalassema is as follows : — 

Th. neptuni Gaertner (Fig. 224). English Channel (Devonshire coast), Con- 
carneau, Mediterranean (Gulf of Marseilles), Irish coast (Dungarvun). 

Th. giya8 Max Muller. Trieste. 

Th. vegrande Lampert. Philippine Islands. 

Th. haronii Greef. Canary Islands (Lanzarote). 

Th.formosulum Lampert. Shanghai and Philippine Islands. 

Th. exilii Fr. Muller. Brazil (Desterro). 

Th. moebii Greef. Mauritius. 

Th. erythrogrammon Max Muller. Red Sea and East Indies (Billiton). 

Th. caudex Lampert. Red Sea and Indian Ocean. 

Th. eorhUlans Lampert Philippine Islands. 

Th. mellita Conn. West Atlantic (Beaufort). 

Th.faex Selenka. North of the Faroe Islands. 


Acta Ac. German, Italic, xli. Part II. No. 1, 1879. 
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Bonellia . — Proboscis very extensible and bifurcated at the end. 
The body and proboscis are coloured a bright green. Two ventral 
hook-like bristles, but no peri-anal ring. A single nephridiuin. 
The above applies to the female ; the males are degenerate, and 
live in the jiepl iridium or pharynx of the female. 

Three (or four ?) species of this genus arc known. 

It. riridis Rolando (Fig. 220). Mediterranean, Adriatic, North Sea (Bergen). 
/>. minor Marion. Mediterranean (Gulf of Marseilles, Naples). 

I*, suhmii Selenka. Oir Nova Scotia. Male not known. 

JJ. fuliginosa Rolando 1 (Fig. 220). Mediterranean (Naples). 

Hamiufjia — Proboscis not bifurcated, about as long as body. 
No ventral hook-like bristles. One or two nephridia, which 
open at the apex of one or two well-marked papillae. The 
above applies to the female ; as in the genus Bonellia , the male 
is minute and parasitic. It lias two well-marked hook -like 
bristles situated behind the genital pore. 

This genus was first described by Koren and Danielssen as 
11. arc tic a. Two specimens were afterwards described by Horst 
as 11. f/l(fdalis. Later Lankcster described two other specimens ; 
lie was the first to find the male in the pharynx of the female. 
He is of the opinion that all three descriptions apply to the 
same species, and for this the original name H. arctica must be 
retained. 

Hamingia arctica K. and D. Two hundred miles north of North Cape and 
in the Hard anger Fjord. 

Saccosoma.— No proboscis. The body is flask-sliaped. The 
mouth and anus are terminal. The ovary is anterior, and there 
is only one nephridiuin. No bristles. 

Our knowledge of this remarkable Gepliyrean is very incom- 
plete, but such as it is, it is due to the careful investigations of 
Koren and Danielssen, who had only a single specimen at their 
disposition. 

Saccosoma vitmnn K. and D. North of the Faroe Islands. 

Habits of the Echiuroidea. — As a rule the members of this 
group conceal their bodies in clefts and fissures of rocks and 
stones, keeping up communication with the outer world by means 
of their proboscis. Rietsch 1 describes a specimen of Bonellia 
minor , which he placed in an aquarium, exploring with its pro- 
1 Rccueil Zool . Suisse , iii. 1886, p. 313. 
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boscis the nature of the bottom ; when the animal had fou ml 
a convenient crevice, it fixed its proboscis in it by means of 
the bifurcated end, and by its contraction drew the body up, and 
entered the hole, proboscis first. It then turned round, and during 
this operation doubtless the ventral hooks came into play ; and 
then stretching out its proboscis, it began to explore the 
neighbourhood. The proboscis is evidently very sensitive, and 
in addition to being a locomotor organ, it is also used for the 
prehension of food. If cut oil* near the mouth, the animal does 
not long survive, but if a considerable portion is left the sear 
heals, and the lost part is probably regenerated. In captivity 
the animals frequently change their place of residence. 

Eisig some years ago described the great extensibility of the 
proboscis of B. viridis when confined in the tanks of the Zoo- 
logical Station at Naples. When contracted the proboscis was 
but a few inches long, but at times it was extended till it reached 
the length of metre, shining through the water as a 

transparent green thread. The body of the Jhme.Hia was 
hidden under stones, but the proboscis could be soon seizing 
between its two ends tin*, bodies of certain Ascidians which 
covered the inside of the tank, tearing them olf the walls, and 
conveying them to the mouth along its grooved ventral surface. 

The food of the Echiuroidea consists of organic matter, in 
the main of animal nature, but the group differs from the 
Sipunculoidea in not eating sand. 

Hi et sell describes Thalassema nepUnii as being more active* in 


its movements and less seden- 
tary than B. minor. The 
proboscis is still the chief 
organ of locomotion, but the 
trunk plays a greater part in 
the movements of the animal 
than it does in the last-named 
species. Th. neptuni is found 
in cavities of stones or in 
the chambers worn out by 



Flu. 224 . — Thalassema neptuni (inert, x 2. 

A, The fiiiiinal lying on its ventral surface. 

B, Ventral view of the anterior end, show- 
ing the grooved proboscis ending lndiind 
in the mouth, and the ventral hooks. 


the Mollusc Gastrochuenu ; 
when withdrawn from its 


house the body is found to be covered by a thick layer of 
tenacious viscid mucus. 
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Tk. mellita was so named by Conn because it is found 
sheltering in the Echinid Mellita . “ It enters the shell at 

the oral opening while yet very small, but once within its house 
it grows to its adult size, and is obliged therefore to remain 
during the rest of its life a prisoner.” Each shell thus inhabited 
acquires a reddish brown horse-shoe-shaped marking, which 
affords a conspicuous signal that the shell contains a Thalassema . 

Tbalassrma is seldom found living in sand, and BoneUia never, 
but Eehiurus is almost always found in U-shaped tubes or 
passages in the sand, which it digs out for itself by the rapid 
contractions of its body- wall aided by its bristles. It, like the 
other two genera named above, does not long remain in the same 
hole, but frequently changes its home. As a rule the Eehiurus 
sits near the mouth of its tube, which is often a foot or even 
two in depth, and sends out its proboscis in every direction ; at 
the least sign of disturbance it withdraws into the deeper recesses. 
The walls of the tube are kept from falling in by a layer of 
mucus, which makes a smooth lining to the passage. The peri- 
anal bristles, which can be withdrawn or protruded at will, 
enable the animal to fix itself at any level in the tube. 

The Echiuroidea are sometimes used by fishermen as bait. In 
Eehiurm pallasii (I reef found three parasites, all of them new 
species. One, a Gregarine, he named Conorhynchus (/Monas ; the 
others were Platyhelminthes, and were named by him Distomum 
echiuri and Nemertoscolex parasiticus respectively. 


IV. Order Epithetosomatoidea. 

This Order includes the single Family E/nthetosomatidae , which 
was established by Koren and Danielssen to contain the re- 
markable Gephyrean they described in 1881 under the name 
Epithetosoma norrcyicinu (Fig. 225). 

Unfortunately only two specimens were at their disposition, 
and these were badly preserved, so that many details of their 
structure could not be made out. The animals are of an olive- 
green colour, and consist of a trunk about 12 mm. long, and 
of a proboscis 80 mm. in length; the latter differs essentially 
from the proboscis of the Echiuroidea inasmuch as it is hollow, 
and seems to be a whip -like tubular extension of the skin. 
Its lumen opens into the body - cavity. . Ventral to the base 
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of the proboscis is the mouth ; the intestine is straight, ami 
terminates in the anus, which is posterior. The nervous system 
lies between the circular and the longitudinal 
muscles of the body-wall, and contains a 
tube, the nature of which is obscure. No 
vascular system is known. The ovary is 
attached to a mesentery ventral to the 
anterior part of the alimentary canal, and 
there is a single nephridium. No anal 
vesicles exist. 

The most remarkable feature of the genus 
is a series of pore-like openings, which are 
stated to lead from the outside into the 
body-cavity (Fig. 225, a). These are 

arranged four on each side, at the bottom 
of two slit-like depressions in the skin, 
which lie one on each side of the base, of 
the proboscis, slightly dorsal to it. 

These remarkable structures are with- 
out parallel amongst the Gephyrea, and, 
together with the peculiar character of the 
proboscis, justify the Norwegian naturalists 
in adding a new family to the group. 

Affinities, of the Gephyrea. 



Before considering to what other groups 
of animals the Gephyrea may be allied, it is 
advisable to discuss the relationship of the 
four Orders which compose the group. 

Quatrefages, in the year 1805, divided 
the Gephyrea into I. Gephyrea Annata , 
with which he included the Ecliiuroidea 


Fkj. 225. — A, Eptthriosnma 
■mrrvft/intm K. and I)., 
magnified. //, a, Right, 
and left .slits leading to 
the pores ; b % mouth ; c, 
proboscis : B, the same 
animal opened dorsally; 
((, pores ; />, oesophagus; 
c, proboscis ; </, brown 
tube. (After Ouniclsseu 
and Koren. ) 


and Sternaspis} and IT. Gephyrea Inerrnia 

or Sipunculoidea. The Gephyrea Inermia, sometimes called the 
Achaeta, have been extended to include the Order Priapuloidea, 
and opposed to the smaller sub-group the Gephyrea Armata or 
Chaetifera. In my opinion, however, these names now are no 
longer in accordance with our knowledge of the structure of the 


1 Vide p. 335. 
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animals they attempt to describe, and they should be given up. 
Both names had reference to the presence or absence of the two 
hook-like bristles described on the ventral surface of some of the 
Echiuroidea, but of the five genera of this family, two, Saccosoma 
and ITaminrjia (the latter in the female or normal form), are 
without these bristles, and can therefore be described neither as 
Armata nor as Ohaetifera. Oil the other hand, hook-like chitinous 
bristles of somewhat the same nature, though smaller in size and 
varying in position, are very common on the introvert of Sipun- 
culoidea and on the body of the Priapuloidea. 

Again, the association of the two last-named Orders in one 
sub-group is, to my mind, an error. The Priapuloidea have 
little in common with the Sipunculoidea ; almost the only 
real point of resemblance is the power of protruding the 
anterior part of the alimentary canal, and withdrawing it 
by the aid of retractor muscles. But in the Priapuloidea this 
power exists to a very small extent, and it is a power shared by 
very many animals besides the Gephyrea. The terminal anus 
of the former is a feature shared by the Echiuroidea and by 
Epithctofiomfi, but these have little else in common with the 
Priapuloidea. On the other hand, the entire absence of any 
head appendages, such as the proboscis of the Echiuroidea and 
the tentacles or tentacular membrane of the Sipunculoidea, the 
absence of a vascular system, of nephridia or anal vesicles, taken 
together with v tlie straight intestine which occurs elsewhere 
only in JSpithetosoma, the persistent connexion of the nervous 
system with the epidermis, the unique character of their excretory 
system and of the reproductive organs, are all features in which 
the Priapuloidea differ from the more normal members of the 
other three Orders. These constitute a list of peculiarities which 
are at least as important, and probably even more important, than 
those which characterise the Sipunculoidea and the Echiuroidea. 
Thus the Priapuloidea should, I think, be regarded as a distinct 
Order, which occupies a very isolated position in the group. 

Until we know something about the development of Hali- 
cryptus and of Priapulus , it will be difficult to say whether the 
Order is more nearly allied to one or the other of the two great 
Orders of Gephyrea, whether it is very primitive or very 
specialised. The connexion of the entire nervous system 
with the epidermis and the absence of a vascular system are both 
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rather primitive features, and so is the Platyhelminthine character 
of the excretory organs. With regard to the vascular system, 
however, it should be pointed out that it arises very late in the 
larv*a of those Gephyrea whose development is known, and that 
it does not seem to correspond with the vascular system of other 
animals; it has no line vessels or capillaries connected with it, 
and apparently does not act so much as the channel of the 
circulatory medium, but more as a mechanism for the expansion 
of the head appendages, the tentacles in the Sipuneuloidea and 
the proboscis in the Eehiuroidea ; moreover, it is absent in some, 
genera of the former, such as Onchnesoma, Tglusoma ., and Peta- 
l o stoma, where there are no tentacles. 

The conclusion of the whole matter seems to be that the 
Priapuloidea are an isolated Order retaining many primitive 
features, and having no closer aflinities to the Sipuneuloidea than 
to the Eehiuroidea. 

Hatschek came to the conclusion, from his work on the 
development of Echinrus , that the Eehiuroidea are true “An- 
nelids,” and from the presence and mode of formation of the 
bristles, that they are related to the Chaetopods. In this view 
he is confirmed by Conn, who worked out the development of 
Thalassema. This relationship is further confirmed by the discovery 
of Sluiter’s that Sternaspis , the genus of Chaetopods which in 
other respects most nearly resembles the Gephyrea, has in one 
of its species (J3. spinosa ) a well-marked bifid proboscis, which, 
like that of the Eehiuroidea, is thrown off at the least disturbance. 
Thus it seems fairly well established that the Eehiuroidea are 
closely connected with the Chaetopoda, for although the only traces 
of segmentation they retain in the adult are the serially-repeated 
nephridia of Thalassema and Echinrus pallasii , and the two rows 
of peri-anal bristles in the latter, and possibly the circular nerves 
given off from the ventral cord, yet the larva is fully segmented, 
and in other respects is almost typically Cliaetopodan. 

The relationship of the Sipuneuloidea to the Eehiuroidea is 
a more doubtful point. Hatschek is inclined to separate them, 
and in this he is again supported by Conn. Embryology unfor- 
tunately does not help us much. The early stages and larvae 
of Sipunculus nudus and of Phascolosoma elongatum have been 
investigated by Hatschek and by Selenka respectively. In 
neither genus is there any trace of segmentation or of Annelid 
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features, with the possible exception of the bristles on the larval 
Phascolosoma . On the other hand, it must be remembered that 
the development of Sijntnculm is remarkably abbreviated, and 
that such stages may have dropped out, the larvae hardly differing 
more from the Trochosphere of Ecliinvus and Thalassema than 
does that* of Bonellia , an undoubted Echiurid. Still the facts 
that there is never a head-kidney present, that there is no trace 
of segmentation, and that at no stage is the anus terminal, must 
have a certain weight. 

If we leave out of account the larval history, which, although 
pointing to a difference in the nature of the two families, is by 
no means decisive, and consider the adult structures, we find 
very considerable evidences of affinity. Taking firstly the main 
points of difference, we find these*, to be (i.) the nature of the 
cephalic appendages, either a proboscis or some modification of 
tentacles ; (ii.) the position of the anus ; (iii.) the presence of 
anal vesicles ; (iv.) the number of the nephridia, never more than 
one pair in Sipunculids ; and (v.) the difference in origin of 
the chaetae. Of these most undoubtedly the first is the most 
important. The Echiuroidea have retained the prae-oral lobe of 
the larva in the form of a solid outgrowth of the body, which 
outgrowth has carried witli it the nerve-ring and vascular ring 
which surround the mouth. This has been lost in the Sipun- 
culoidea, hut is, I think, represented by a modified patch of 
epidermis which lies dorsal to the mouth and just above the 
brain. A solid extension of the skin in this region, which 
involved the nervous and vascular systems, would bring about 
the same relation of parts as is found in the Echiuroidea. 
The tentacular membrane or tentacles of the Sipuneuloidea have 
such a variety of form and arrangement, whilst all subserving 
the same end, that I am inclined to believe that they have origi- 
nated within the limits of the family. 

The position of the anus in the Sipimculoidea is one common 
to very many animals which live embedded in sand or in 
tubular holes ; it is probably not primitive, as in the larva of 
Sipunculus it is near the posterior end, and becomes more dorsal 
as the larva elongates. 

The anal vesicles of the Echiuroidea probably have no repre- 
sentative in the Sipunculoidea. In appearance and position they 
are very like the little tufts which are found on the rectum of 
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Sipunculus , but since these open neither into the body-cavity nor 
into the alimentary canal, it is hardly fair to compare them. 

The resemblances between the Orders seem to me, on the 
whole, to outweigh the differences. The general structure of 
the skin, the coiled alimentary canal, with its ciliated groove, 
supported by strands of muscles, the vascular system which 
gives off no capillaries, the structure of the brown tubes, the 
existence of ehitinous hooks or bristles, the nervous system witli 
its single unsegmented ventral cord, the formation of the generative 
organs, all point to a sufficiently close resemblance to justify us 
in classing the two Orders together. In addition to these; 
there are considerable histological resemblances which cannot 
be discussed here, but which have a certain weight. 

To sum up, it seems probable that the TCehiuroidea are derived 
from the Chaetopoda, and that their nearest ally in this group 
is Sternaspis ; and that the Sipunculoidoa are allied to the Echiu- 
roidea, but have further departed from the Annelid stock, and have 
lost even those traces of affinity with the parent group which have; 
been preserved in the development of Echiurm and Thalaasema . 

So little is known of Epithetosoma that it is difficult to 
discuss its affinities. The presence of the hollow proboscis and 
the pores leading into the body-cavity undoubtedly justify its 
being placed in a separate Order, but beyond the presence of a 
terminal anus, in which it resembles the Echiuroidea, there is 
nothing in its structure which connects it more nearly with one 
than with the other of the three larger Orders of Gephyrea. 

List of Gephyrea found in the British Area as defined by 
Canon Norman. 

Phascolosovui vulgare Blainv. English Channel and North Sea. 

„ rlongatum Kef. English Channel. 

„ papillosum Tlioinv English coast. 

,, eremita Sara . North Sea. 

„ prorerum Moeb. Bass Rock. 

Phascolion strmnbi Mont. . English coast (Plymouth). 

Sipunculus nudus L. . North Sea, English Channel (Paignton, Tcign- 

mouth). 

Goljingia macintoshii Lank. . East coast of Scotland (St. Andrews Bay). 
Petalo8toma minutum Kef. . English Channel (Plymouth). 

Priapulm caudatus Lam. . Scarborough, Outer Hebrides. 

Echiums pallasii Guerin .. . Coaat of Scotland, English Channel. 

Thalassema neptuni Gaertner . English Channel (Coast of Devonshire). 
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phoronis 

HTSTOUY HABITS — STRUCTURE REPRODUCTION LARVA META- 
MORPHOSIS LIST OF SPECIES AND LOCALITIES SYSTEMATIC 

POSITION. 

This interesting genus was discovered and first described by Dr. 
Stretliill Wriglit of Edinburgh, who in the year 1856 found 
specimens of it living on a stone with Caryopliyllia sent to him 
from Ilfracombe. He christened the form Phoronis hippoewpia} 
the generic name being apparently taken from an epithet applied 
to To, the specific name having reference to the beautiful horse- 
shoe shape of its tentacular crown. Two years later a closely 
allied or identical form was described by Professor P. J. van 
Beneden under the name of Crepina yraeilisr 

Phoronis is a sedentary animal living in “ colonics,” but each 
member of the colony is distinct, and has no organic connexion 
witli the others, from which it is isolated by the presence of a 
tube in which it lives, and into which it can be completely with- 
drawn. The tube is formed from a secretion which probably 
has its origin from the anterior end of the body-wall. The 
secretion hardens and forms at first a transparent coating, but 
it soon becomes opaque, and numerous sand particles, small 
pieces of shell, sponge spicules, and other marine objects adhere 
to the outside of the tubes, giving them a very characteristic 
appearance, and doubtless serving to protect the inhabitants 
from predatory animals. 

1 P. Phys. Soe. Edirib . vol. i. 1856, p. 165 ; and Edinb. New Phil. Journ , vol. iv. 
(n.s.) 1856, p. 313; Anti. Sci. Nat. 4th ser. vol. xi. 1859, p. 150; and F. D. 
Dyster, Tr. Linn. Soe. London, vol. xxii. 1859, p. 251. 

2 Ann. Sci. Nat. 4th ser. vol. x. 1858, p. 11. 
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Fw. 226. — A piece of a matted colony of 
Ph . komUeml ii Cald. Slightly magnified. 
In most cast's the tentacular head is 
protruding from the tube. 


Whitt little we know about the habits ot* Phoronis is in the 
main due to the observations 
of Cori , 1 2 who studied Ph. psum- 
mophila at Karo, an inlet of 
the sea near Messina. The least 
disturbance causes the animal 
to withdraw its head with 
lightning rapidity into the 
tube, from which after a time 
it re-emerges very slowly, and 
does not expand its tentacular 
crown until its body is completely extended. Cori states that 
not unfrequcntly individuals are found either without the crown 
of tentacles or with the latter in process of regeneration. These 
may have been bitten off by fish, etc. ; but, on the other hand, 
van Beneden describes in Crepina f/racilis ( Ph. hippoarpia) tlu 1 . 
throwing off and regeneration of the crown of tentacles ; and 
Cori confirms his observation, at any rate as far as concerns 
those individuals kepi in captivity, and whose surroundings were 
presumably somewhat unfavourable. He further observed the 
interesting fact that the cast-off c rown of tentacles continued to 
live, and suggests that possibly it may develop a new body, in 
which case the phenomenon would be an interesting case of 
binary fission producing two new animals. 

With regard to the habitation of 77/,. australis , tin*, largest 
species known, some discrepancies have crept into the literature 
of the genus, and to prevent their recurring again it may be 
worth while to quote the statements of its discoverer, Mr. 
Haswell . 3 He says : “ Phoronis australis occurs in commun- 
ities of twenty to thirty, in spaces in the substance of the 
wall of the tube inhabited and formed by a species of Crri- 
anthus. Each worm has a tube of its own, very delicate and 
transparent, made up of several layers, the mouth opening on 
the outer surface of the tube of the Cerianlhus . The Cerianthus 
tubes sometimes come up empty, as we should naturally expect, 
the animal having dropped out ; but a sufficient number of 


1 “ Beitriige zur Anatomic der Phoronis,” Inaurj. Dissert. Pray. 1889, and 
Zeitschr. wiss. Zool. vol. li. 1891, p. 480. 

2 P. Linn. Soc. JV. S. Walcs % 1st ser. vol. vii. 1886, p. 606 ; and 2nd ser. vol. 

vii. 3893, p. 340. 
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occupied tubes are found to show that, under ordinary circum- 
stances, a living Cerianthus occupies the interior of the tube 
and a community of Phoronis live in its wall. This species of 
Phoronis is never found anywhere else, and the species of Ceri- 
anthus is very rarely found without the Phoronis ” 

Ph, australis is sluggish in its movements, but other species 
are capable of very active movement, and withdraw their 

heads in a moment at the approach 
of danger. A Neapolitan species, 
Ph. kowalevskii — known to the fisher- 
men of that place as “ Ficchetelli 
bianehi ” or “ Yermi di ceppa ” — lives 
chiefly on submarine posts and piles : 
its tubes, closely interlacing, form 
a dense felt work, upon which Asci- 
dians and Sea-anemones often settle, 
and over which Ophiurids and Doly- 
chaets creep. The tubes of this 
species are rendered opaque by the 
excreta ejected from the body, and 
they do not attach foreign substances 
to the outside to anything like the same degree as Ph. psammo - 
phila, which live in sandy places, and are termed by the Sicilian 
fishermen “ Tubi di sabbia.” The feltwork of Ph. kowalevskii 
attains a thickness of 5 to 8 cm. In each case the tube is much 
longer than the animal it shelters, and is so entangled with its 
neighbours, to which it frequently adheres, that it is a matter 
of considerable difficulty to isolate it. 

The various species of Phoronis differ a good deal in size; 
Cori gives the average length as varying from 1*5 to 7*9 mm. 
in Ph. h ippocrepia and up to 127 mm. (G inches) in Ph. australis. 
l*robably the very short individuals of the first-named species 
had not attained their adult stature. Ph. australis has recently 
formed the subject of a memoir by Dr. YV. B. Benham, 1 from 
whom the following account is mainly taken. 

The length of the individuals varied from three to six inches, 
and their diameter, which is not very uniform, averaged one- 
eighth of an inch. At one end, which, since it b^ars the mouth, 
we may call the oral end, is the very characteristic tentacular 
1 Quart. J. Micr. Set. vol. xxx. 1890, p. 125. 


Via. 227. -A piece of a colony of Ph . 
jimnuiwphiUi Cori. Slightly 
magnified. The tubes are 
covered by particles of sand, 
small shells, etc. 
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crown surrounding the mouth on all sides hut one, where there 
is a slight break in its continuity. The rmwn of tentacles or 
lophophore is flattened, and the two ends 
drawn out, and each is coiled into a spiral 
(Fig. 229) ; between the bases of these two 
spirals three ridges can be seen, each ending 
in a pore ; the median opening is the anus, 
the two lateral are the openings of the 
nephridia or kidneys, which also serve as 
ducts for the reproductive organs. The 
anus is thus approximated to the mouth, 
and since the continuity of the tentacular 
crown is broken at a spot just between 
the two, there would be nothing to sepa- 
rate these orifices if it were not for the 
presence of the epistome, a projection or 
flap of the body -wall which overhangs 
the mouth between it and part of the 
crown of tentacles. 

The extent to which the ridge hearing 
the tentacles is incurved at each side varies 
in different species. In Ph . hrwalcrski ’/* 
and Ph. imwmwphUa the ends are only 
slightly turned in, so that the crown of 
tentacles is truly horse-shoe shaped ; but Em. -A spcr.iiuen or /'//. 
m Ph. australis they are turned m and , rolll its t »i>« un.i m*n 
form three coils on each side. The mini- tro,n * ilhout -• 

... (Alter M'lntosli . ) 

her of tentacles also varies, being very 

numerous in Ph. australis and Ph. hus/di — the latter having as 
many as MOO, whilst the other species as a rule have from GO 
to 90. The bases of the tentacles are fused for a short distance 
with one another, forming a thin membrane. 

The rest of each tentacle is free, and its inner surface, or that 
turned towards the mouth, is covered with long cilia, which, by the 
currents they set up, doubtless serve to bring food to the mouth. 
The tentacles are hallow, and their cavity is kept open by a stiffen- 
ing of the tissue, winch almost resembles an internal skeleton ; the 
cavity communicates with the anterior part of the general body- 
cavity, and up it runs a single blood-vessel containing red blood. 
A single nerve is also distributed to each tentacle. 
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At the base of the two spirals of the tentacular crown lie two 
ciliated pits, regarded by Caldwell and M'Intosh 1 as sensory 
organs, but Benham looks upon them as glandular in structure 
and function. Perhaps they secrete the substance from which 
the tubes are formed. 

The skin is covered by a delicate cuticle secreted by the 
underlying epidermis ; within the latter is a well-marked base- 
ment membrane, and beneath this a layer of circular muscle 
fibres ; these surround a layer of longitudinally-arranged fibres, 
which do not form a continuous sheet but are arranged in 
bundles. In both layers the fibres are unstriated. The longi- 
tudinal fibres arc covered on their inner side by a layer of fiat 
pavement cells, which line the general cavity of the body. 

This space, the body-cavity, is divided into two parts by the 
presence of a diaphragm or septum which runs across from one 
side of the body to the other about the level of the ridge bearing 
the tentacular crown. The anterior space is continuous with the 
cavities of the tentacles and of the epistome. The partition is 
pierced by the blood-vessels and the oesophagus, but the rest of 
the alimentary canal, including the anus, the kidneys, and the 
reproductive organs, all lie in the posterior half of the body-cavity 
behind the diaphragm. This portion of the body-cavity is further 
subdivided by the presence of three longitudinal mesenteries 
supporting the alimentary canal and running between it and the 
body-wall. One of these mesenteries runs along the outside of 
the alimentary canal throughout its whole length, attaching both 
the descending and ascending limbs of the U-shaped tube to the 
body-wall. The other two are lateral mesenteries, which pass 
from the body-wall to the sides of the oesophagus. These 
mesenteries therefore divide the body-cavity into three spaces — 
one in which the rectum lies, which may be called the rectal, 
and two lateral ; owing to the fact that the lateral mesenteries 
end before they reach the bend of the alimentary canal, the 
three chambers are in free communication one with another. 
The body -cavity is further traversed by irregular strands of 
tissue which run from the body-wall to the various organs. It 
contains a corpusculated fluid. 

The alimentary canal (Fig. 230) consists of a U-shaped tube 

1 Challenger Reports, vol. xxvii. 1888 ; and Proc. Roy . Soc. Edirib, vol. xi. 1882, 

p. 211. 
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which may be divided into four regions. The mouth (m) leads 
into the oesophagus (of), which gradually enlarges into the 
stomach (si) situated just before the bend ; a constriction just at 
the bend separates the stomach from the intestine (inl) t and this 
leads into the rectum (v), which terminates in the anus (an). 
The first three divisions of the alimentary canal are ciliated, but 
the rectum is not ; the walls of the stomach also contain glan- 



Fig. 2*29. — Tlie dorsal surface of Ph. australis lias., looking down on the head. The ten- 
tacles are cut away on the left side, and the innermost an- shortened on the right 
side, to show the arrangement ; in reality they are of the same length throughout. 
a % Mouth ; ft, anus; c , pore of left uephriditini ; r/, cpistome ; #*, break in the inner 
series of tentacles. The drawing is to some extent diagramim.tic, and is consider- 
ably enlarged. (After Benham.) 

dular cells, but there are no special glands opening into any part 
of the tract. 

One of the most interesting features of Phoronis is the 
presence of a closed system of blood-vessels containing red blood. 
There are two main blood-vessels ; one, lying in the rectal chamber 
between the two limbs of the U-shaped alimentary canal, has 
been named the afferent vessel. Just below the diaphragm this 
splits into two, and each branch, after piercing this partition, 
runs in a spiral course along the base of the crown of tentacles, 
giving off a single blood-vessel into each tentacle. At its base, 
each tentacular vessel opens not only into the above-mentioned 
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“ distributing ” vessel, but also into a “ recipient ” vessel which 
takes a course parallel with the former. The two recipient 
vessels pierce the diaphragm, and after running for some distance 
apart, fuse to form the efferent vessel, which continues down the 
body on the left side of the oesophagus. At the aboral end of the 
body the efferent vessel turns forward and becomes the afferent. 
Both the main vessels give off numerous blood diverticula, which 
are developed into plexiform sinuses on the walls of the stomach, 
and in this region they are covered with the reproductive cells. 
All the vessels are contractile, and Strethill Wright counted about 
fifteen pulsations a minute. The blood contains numerous nucle- 
ated, disc-shaped corpuscles differing in appearance from those of 
the fluid in the body-cavity. The corpuscles contain haemo- 
globin, which gives the red colour to the blood. 

The two nephridia or kidneys are essentially tubes which open 
on the one side into the body -cavity, and on the other to the 
exterior. The position of the external pores has already been 
described, one being on each side of the anus. Each pore 
leads into a tube which passes into that part of the body-cavity 
situated below the diaphragm, where it divides, and each of the two 
branches terminates in a ciliated funnel-shaped opening. The 
smaller of these two funnels pierces the lateral mesentery and 
opens into the lateral chamber, whilst the larger, whose opening 
is very much drawn out longitudinally, opens into the rectal 
chamber. The whole organ is (filiated internally. 

The nervous system lies in the skin immediately bidow the 
epidermis. This position is very primitive, and forms one of the 
most interesting anatomical peculiarities of the genus. The 
nervous tissue is probably diffused all over the body, but there 
is a special concentration or thickening in the form of a ring 
which surrounds the mouth, following the base of the tentacular 
spirals and giving off a nerve to each tentacle. The ring lies at 
the outside of the base of the tentacles, the anus is not included 
in it. Caldwell 1 has described in Ph. kotmlevskii an asymmetri- 
cal nerve-cord given off from the ring and running along the 
left side of the body ; associated with which is a tubular struc- 
ture of unknown function. In Ph. australis Benham mentions 
two such tubes, one on each side of the body ; their precise value 
is obscure. 

1 Pro:. Roy. Soc. London , , vol. xxxiv. 1883, p. 371. 
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The epithelium covering the nerve-ring is slightly modified in 
the neighbourhood of the kidney pore, and may have some special 
sensory function; no other organs of sense are known (but see p. 454). 
Phoronis is hermaphrodite, male and female reproductive cells 



Fid. 230.— -A schematic view of 
tlu? interior of the body 
of PJnr/'onis. The middle 
seven-eight lis of the body are 
omitted. k/\ Afferent blood- 
vessel ; «/#, aims ; rj\ efferent 
blood - vessel ; epistoine ; 
f/Z, glandular |>It ; inf, intes- 
tine or “second stomach”; 
large funnel of the left neph- 
ridiuui ; opening of right 
ncpliridiiini, the opening of 
the left is seen immediately 
below in section ; w, mouth ; 
hi, nerve, concentration ; or, 
oesophagus ; ocm % oesopha- 
geal mesentery ; oe, ovary ; 
r, reetum ; rin, ree.tal mesen- 
tery ; rr, right recipient, 
blood-vessel; .v, septum; sf, 
stomach ; testis ; tm, right 
lateral mesentery. (From 
Hen ham.) 


being formed in the same individual. The testes and ovaries 
form two white masses lying on the left side of the stomach, one 
on one side and the other on the other side of the efferent blood- 
vessel. The glands are traversed in all directions by the diverti- 
cula given off from this trunk, and are thus well supplied with 
blood ; in fact both the ovary and the testis are formed by the 



458 


PIIORONIS 


CHAP. 


multiplication .and growth of the epithelial cells which cover these 
diverticula. When ripe the ova and spermatozoa drop off into 
the body-cavity and make their way to the exterior through the 
duct of the kidney. 

The ova are probably fertilised in the sea -water; they 
undergo the early stages of their development whilst entangled 


Flo. 231. — Three stages 
in the metamorphosis 
of the Actinotrocha 
into Phoronis. A, 
Actinotrocha larva 
with the invagination 
(c), which will form 
the trunk of the Pho- 
ronis larva beginning 
to appear. B, Stage 
with the invagination 
partly extruded. C, 
Stage when the extru- 
sion is complete and 
the alimentary canal 
has passed into it. C 
is after Metschnikoff. 

Mouth ; h , anus ; 
c, invagination which 
ultimately forms the 
greater part of the 
body of the adult. 


amongst the tentacles of the parent. The larval form to which 
they give rise was known long before its connexion with the 
adult was demonstrated by Kowalevsky. 1 It is known as the 
Actinotrocha (Fig. 231, A), and according to Caldwell has the 
following structure in Ph. kowalevskii. The mouth is anterior, 
and the anus terminal and posterior ; the mouth is overhung T>y 
an immense prae-oral lobe, which bears a special larval nerve 

* Zapislci Acad . St. Petersb. vol. xi. No. 1, 1867 (Russian). Abstract in Arch. 
Naturg. Jahrg. xxxiii. 1867, Bd. ii. p. 235. 
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ganglion, and in some species four eye-spots ; at the base of this, 
but behind the mouth, is a ring of larval tentacles. The prae- 
oral lobe and the tentacles are ciliated ; the margin of the lobe 
bears, however, specially long cilia, and there is also a ring of 
long cilia around the anus. 

Before the Actinotrocha stage has been reached the larva 
has forsaken the shelter of its parent’s tentacles, and swims 
actively about in the open sea. As it grows older a finger-like 
involution of the skin ( c ) arises just behind the tentacles on the 
ventral surface and grows into the body, increasing greatly in 
length and becoming much folded. The larva now sinks to the 
bottom of the sea, and after swimming round many times on its 
axis, undergoes a very astonishing metamorphosis (Fig. 231, B, 
C). The finger- like involution is suddenly turned inside out, 
and forms a large projection on the ventral surface, into which 
the alimentary canal passes, assuming a U -shape, as in the adult. 
This ventral process in fact forms all the body of the adult behind 
the line of tentacles, and subsequently contains, not only the 
alimentary canal, but the kidneys, the reproductive organs, and a 
large part of the vascular system. At the same time the prae- 
oral lobe breaks off, and, together with its ganglia and eye-spots, 
passes into the mouth and is digested in the stomach ; the larval 
tentacles follow the prae-oral lobe, and are similarly digested. 
Their place is taken by a ring of adult tentacles which commence 
to appear just behind the larval tentacles before they fall off. 
The animal is now practically adult. 1 

It is obvious that this astonishing metamorphosis is accom- 
panied by the rotation of the axes of the animal. The adult 
practically lives at right angles to the larva. In the latter the 
anus marked the posterior end, and the prae-oral lobe the anterior. 
The prae-oral lobe has disappeared in the adult, but its position 
is marked by the mouth. The ventral surface has enormously 
increased, and corresponds with the whole surface of the trunk. 
To be consistent we must therefore regard the mouth of the 

1 Caldwell, loc. cit. Foettinger, Arch. Biol. vol. iii. 1882, p. 079 ; Gegenbaur, 
Zeitachr. wisa. Zool. vol. v. 1854, p. 345 ; Krohn, Arch. Anat. Jalirgang 1858, 
p. 289 ; Met8chnikoff, Nachricht. k. Ges. IViss. Gottingen , No. 12, 1869, p. 227, 
and Zeitachr. wiaa. Zool. vol. xxi. 1871, p. 233 ; J. Miiller, Arch . Anat. Jalirgang 
1840, p. 101 ; Schneider, Monataber. Ak. wisa . Berlin , 1801, p. 934, and Arch. 
Anat. Jahrgang 1862, p. 47 ; Wagener, Arch. Anat. Jalirgang 1847, p. 202 ; Wilson, 
Amcr. Natural, vol. xiv. 1880. 
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adult as marking the anterior end of the animal, the anus the 
posterior. The short line between the mouth and anus across 
the centre of the tentacular crown marks the dorsal surface ; and 
the line running all .round the trunk from anus to mouth, the 
ventral. In fact, in its usual position in its tube Phoronis is 
lying on its ventral surface, its back faces upwards, and the 
anterior and posterior ends lie on one side or the other. 

Species and Affinities. — In his exhaustive memoir on the 
anatomy and histology of Phoronis , Cori enumerates seven 
different species, and quotes the characters of each as enumerated 
by eight different authors. He, however, reserves his opinion 
as to the identity or distinctness of some of these species. 
Benham in his account of Pit. australis enumerates five species, 
including amongst them Ph. ovalis , which, however, he regards 
as probably a young form, an opinion in which Cori coincides. 
The latter regards it as possibly a young form of Ph. hippocrepia. 

Without comparing specimens of each of the alleged species, 
it is difficult to come to any very satisfactory solution of the 
problem of how many distinct species are at present known, but 
it seems probable that there arc at least six. 

(i.) Phoronis hippocrepia Wriglit. -Under this name is included the first 
form, described and named by Wright in 1856 ; also Ph. ovalis , described two 
years later by the same observer as a distinct form, though it now seems 
probable tliat it is but a young form of Ph. hippocrepia. The Crepina gracilis 
of van Beneden is probably identical with this species. 

This species occurs in membranous tubes embedded in limestone, corals, 
or oyster shells. Its length varies from 1*5 to 15 mm. The number of 
tentacles varies from 16 to 86. It lias been found olf the coast of Devon- 
shire and in the Firth of Forth. 

(ii.) Phoronis lcowalevshii Caldwell.- -This name is given by Benham to the 
species from Naples described by Caldwell, and replaces the name Ph .. 
caespitosa , which was given by Cori. This species is found in the Bay of 
Naples, living in considerable colonies on submarine piles and posts. It is 
not firmly attached to its substratum. The tube may be coated with sand 
or other foreign particles. The length of the individuals varies from 3 to 
39 mni. The lophophore is simple, with from 50 to 100 tentacles. 

(iii.) Phoronis australis HaswelL — This is the giant of the genus, the length 
of the individuals being from 3 to 5 (76-127 mm.) or rarely 6 inches. \t 
lives in delicate transparent tubes, interlacing the walls of the tube of a 
sea-anemone, Cerianthus. The arms of the lophophore coil into two spirals. 
Hie colour is reddish or purple. Found in Port Jackson. 

(iv.) Phoronis bnskii M‘Intosh. — This species was dredged by the Challenger 
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from a sandy bottom at a depth of 10 to 20 fathoms off the Philippines. 
Its tube is covered with particles of sand, sponge spicules, etc. Its length 
is 52 mm. or more (more than two inches). The anatomy of this species 
closely resembles that of Ph. australis, and Benham thinks that, in spite of 
the difference in their habitat, they may belong to the same species. 

(v.) Phoronis architecta Andrews. — A species recently described by 
Andrews from Beaufort, N.C. Its distinctive features are : “ the formation 
of isolated tubes covered by definite collections of sand grains ; the presence 
of special prostomial organs, possibly of use in the formation of these tubes ; 
the great development of the longitudinal muscles ; the presence of a ciliated 
groove in the digestive tract ; the apparent separation of the sexes.” 

(vi.) Phoronis psammophila Cori. -Found in Faro, near Messina. The 
tube is hyaline, and is covered by numerous grains of sand, some of consider- 
able size. The length of the individuals is 25 to 50 mm. There are 60 to 
90 tentacles. The colour is a fleshy red. A second species discovered by 
Haswell in Port Jackson had no points of importance to distinguish it 
from Ph. psammophila, except that no sand adheres to its tube and the 
number of tentacles is slightly greater. 

In addition to the various species of Phoronis , several distinct forms of 
its larva, Actinotrocha, are known, and have been named without having 
been traced into their corresponding adult form. 

The position of Phoronis in the animal kingdom has formed 
the matter of considerable divergence of opinion amongst the 
naturalists who have studied it. The earlier writers regarded 
Phoronis as allied to the Gephyrea, and it was for a long time 
classed with these animals, but placed in a separate sub-Order, 
the Gephyrea tubicola, which was opposed to the Gephyrea nuda, 
which comprised the true Gephyrea. 

Caldwell referred Phoronis , the Brachiopoda, the Polyzoa, 
and the Gephyrea to the same type of body structure, and 
Lankester subsequently suggested the provisional name Podaxonia 
for this miscellaneous collection of animals. Lankester divided 
his phylum Podaxonia into three classes (i.) the Sipunculoidea 
(Gephyrea), (ii.) the Brachiopoda, and (iii.) the Polyzoa. The 
last-named class he divided into three sections : ( a ) the Vermi- 
formia, this includes the single genus Phoronis ; (A) the Ptero- 
branchia, including the forms Cephalodiscus and Rhabdopleura , 
whose affinities with Balanoglossus were subsequently demon- 
strated ; and ( c ) the Eupolyzoa, including the forms treated as 
Polyzoa in the following pages. 

Masterman’s recent researches 1 on Phoronis seem to indicate 
1 Proe . Hoy. Soc. Edinb . vol. xxi. 1890, p. 59 ; and Zool. Am. xix. 1896, i>. 206. 
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that the Vermiformia, like the Pterobranchia, must in future be 
grouped with the Hemichordata. He finds three well-defined 
coelomic spaces corresponding with the epistome, the collar, and 
the trunk, and also representatives of the collar pores, and is 
further inclined to believe that structures representing the noto- 
chord exist in Actinotrocha. 

Should Masterman’s researches be confirmed, Phoronis will be 
removed from its present isolated and enigmatical position, and 
placed with Cephalodiscus and Rhabdopleura amongst the Hemi- 
chordata; which will be described in Vol. VII. of this work. 
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POLYZOA 

INTRODUCTION GENERAL CHARACTERS AND TERMINOLOGY BROWN 

BODIES HISTORY- -OUTLINES OF CLASSIFICATION —MARINE 

POLYZOA OCCURRENCE FORMS OF COLONY AND OF ZOOKCIA 

OVICELLS AVICULARIA — -VIBllACULA -KNTOPROCTA. 

The following pages 1 deal with animals whose very existence is 
hardly known to those who are not professed naturalists. There 
are but few Polyzoa which have earned the distinction of possess- 
ing a popular name, and most of such names as do exist cannot 
be found outside treatises on Natural History. It is true that 
many of the members of this group have been vaguely termed 
“ Zoophytes ” ; but this term implies no more than that they 
possess a superficial resemblance to certain plants, and it must 
be remembered that this habit of growth is assumed by many 
animals which have nothing to do with the Polyzoa. The term 
“ Coralline ” is sometimes applied to those calcareous Polyzoa 
which grow into coral-like forms ; and the Tertiary deposit 
known as the “ Coralline Crag ” is so called from the large 
number of fossil Polyzoa which it contains. 

The Polyzoa are none the less a most attractive group. I Ait 
any one examine a dry piece of a brown paper-like substance 
(Fig. 232, A), which may be found thrown up on the beach on 
many parts of our coasts. Of this species ( Flustra foliacea ), the 

1 The account given in the following pages has been deliberately restricted, for 
the most part, to British species. Our own fauna contains an assemblage of 
Polyzoa which is so representative that it has seemed better to do some justice to 
the British forms than to attempt to cover the whole ground in the limited 
number of pages devoted to this group. Those who desire to make a wider study 
of the subject should refer, for marine forms, to Busk's Catalogue of Marine 
VOL. II 2 II 
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so-called “ sea-mat/’ an old writer says : “ For curiosity and 
beauty, I have not, among all the plants or vegetables I have yet 
observed, seen any one comparable to this seaweed.” 1 Viewed 

with the microscope, the 



frond is seen to consist 
of two layers, placed back 
to back, of oblong cham- 
bers, each of which is the 
dried body- wall of a single 
individual. The whole is 
obviously a colony , and 
to this fact the term 
Polyzoa refers. 

The chambers just 
noticed are termed 
“ zooecia.” Each is 
rounded at one end, near 
which is the “ orifice,” 
through which the ten- 


Fig. 232. — Flnstra foliacca L. f Cromer. A, Natu- 
ral size, B' indicating tli = portion magnified in 
B < x 30) : a, aviculariu i with closed mouth, 
to the left of which are se *n two avicularia with 

open mouths ; o % ovicell forming the upper CJin } )C pushed out. 

avu tiiiun mi tlirun ^ 


tacles of the living animal 


^ , - Two 

part ot a zonecium. Ovic are seen on three . 

consecutive zooecia. Tli operculum, which SilOI't, Still spillCS usually 
cWs tl«o orifice of tlie zooccium is seen in ot . cnv on s j { l e () f the 

difiereiit positions in the individuals figured. . . 

orifice ; and tlie symmetry 

of this forest of spines fully justifies the above-quoted remark. 

Tlie upper part of some of the zooecia is somewhat swollen, 
these swellings representing the conspicuous “ ovicells ” of many 
other genera. In the early part of the year each ovicell pro- 
tects an orange -coloured egg or embryo, and the larvae are 
readily liberated if the fresh colony be placed in clean sea-water. 
“ At least ten thousand ” were hatched out in three hours from 
a colony placed in a glass by Sir John Daly ell . 2 The larva 
swims freely in the water for a short time, and should it find a 


Polyzoa in the Collection of the British Museum , Parts I- -III. 1852, 1854, 1875 ; 
to the Challenger Ro ports on Polyzoa, Parts 30 (1884), 50 (1886), and 79 (1888) ; 
for references and lists of species, to Vine’s Report on Recent Marine Polyzoa , 
Cheilostomata and Cyclostomata (Report, 55tli meeting Brit. Ass. Aberdeen, 1885, 
pp. 481-680) ; [and to Nickles and Bassler, Synopsis Amer. Foss . Bryozoa incl. biblio- 
graphy (Bull. U.S. Geol. Survey, No. 173, 1900)]. References to the literature of 
the fresh-water forms will be found below, in Chap. XVIII. 

1 Hooker, quoted by Landsborough, Hist. Brit . Zoophytes , 1852, p. 346. 

3 Rare and Remarkable Animals of Scotland, ii. 1848, p. 15. 
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suitable resting-place, it fixes itself and forms the starting-point 
of a colony, the number of whose individuals is continually 
increased by the production of buds at the growing edge. The 
“avicularia” of this species will be alluded to later (see p. 482). 

F. folimea has long been known to possess in the fresh state 
a remarkable odour, which is described, according to the fancy 
of the observer, as a strong odour of fish, or as the smell of 
violets after a shower. Others have compared it to that of the 
orange or verbena, or to that of a mixture of roses and geranium. 

Flvstretla hispid a, another of our commonest Polyzoa, which 
may be found between tide-marks 011 the stalks of Fur us, con- 
sists of a softish brown encrustation, about one-sixteenth of an 
inch thick, covered by numerous spines. If examined undis- 
turbed in a rock-pool, or transferred to a glass of sea-water, the 
brown mass will be seen to become surrounded by a delicate 
bluish halo, which is about as thick as the encrusting mass 
itself, and consists of the tentacles of the numerous individuals of 
the colony. The microscope shows that each individual is pro- 
vided with a circlet of some thirty or more long, delicate ten- 
tacles, which together form a graceful funnel (as in Fig. 2 :>:»). 
At the bottom of the funnel is the mouth, to which Diatoms or 
other minute organic particles are conveyed by the cilia which 
fringe the tentacles. If the tentacles be touched with a needle, 
the whole funnel is retracted with great rapidity, and in this 
retracted condition we see no more than the body-walls of the 
animals. After an interval the tips of the tentacles are 
cautiously protruded ; the tentacles are gradually pushed out, 
at first in a close bundle, but finally separating from one another 
to form the funnel which we have already noticed. 

. There is hardly a more surprising spectacle in the whole 
animal kingdom than a living fragment of the genus Buyuht. 
The colony grows in the shape of a small tree, whose height may 
amount to several inches ; and is characterised, in many species, 
by a spiral arrangement of the branches, which makes the genus 
easy to recognise at first sight (Fig. 22‘5, A). The stem and 
branches are composed of a single layer of zooecia, arranged 
two or more abreast. Each zooecium bears, on its outer side, 
a most singular body termed an avicularium, from its resem- 
blance to a bird’s head. Imagine a minute eagle’s head attached 
by a short but flexible neck to the zooecium. Suppose further 



468 


POLYZOA 


CIIAP. 


that this structure moves backwards and forwards in a deliberate 
but determined fashion, its lower jaw usually widely open so as 

to be nearly 180° distant 
from its position when closed. 
Suppose that the lower jaw 
is moved by powerful muscles 
which can be distinctly seen 
inside the transparent head 
of the avicularium, and that 
every now and then it closes 
with a snap, seizing any un- 
fortunate worm which may 
happen to be within reach 
witli a grasp of iron. The 
above gives a very faint idea 
of the appearance of a living 
Buijula colony, with its hun- 
dreds of swaying avicularia, 
and with its tentacular funnels 
protruding from their zooecia, 
and withdrawing themselves 
capriciously from time 'to 
time. 

General Characters. — 

The Polyzoa are colonies, 
leaf-like or tree-like in form, 
and often strongly resembling 
seaweeds, or forming en- 
crustations on the surface of 
stones and water-plants, or 
taking on other shapes. The 
units of the colony are com- 
plete individuals (Fig. 234). 
The zooecium or body -wall 
encloses a body-cavity, in which lies a digestive canal, with which 
are closely connected the central nervous system and the retractile, 
ciliated tentacles. The structures other than the zooecium ‘con- 
stitute the “ polypide.” The mouth (m) leads into the ciliated 
pi larynx ( ph ), which is followed by the oesophagus ( oe ), which 
again passes into the stomach (s), whose walls are coloured by a 



Fig. 233 . — lingula turbinala Alder, Plymouth. 
A, A small colony (natural size) ; B, por- 
tion of a branch ( x 50) : a, a', avicularia, 
in different positions ; ap t “aperture '* (see 
p. 524) ; A, polypide- bud, attached by its 
stomach to b.h y brown body ; in , mouth, 
surrounded by the circle of tentacles ; two 
individuals to the right show the tentacles 
partially expanded ; o, ovicell ; n, marginal 
spine. The avicularia of some of the 
zooecia have been omitted in B. 
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characteristic yellowish pigment. The stomach gives off the 
intestine (in), which is lined by strong cilia, by means of which 
a rotatory movement is given to the faeces contained in it. This 


0 



Flo. 234.- -.1 Icyonidiuur alhidum Alder, Banyuls-sur-Mer. Diagram .showing the struc- 
ture of a .single zooocimn with its polypide retracted : a, anus ; d, diaphragm ; c, 
ectocyst ; em, ectoderm ; /, funiculus ; y, ganglion ; /, iutertentncular organ ; in, 
intestine ; m, mouth ; mm, mesoderm of body- wall ; 0 , orifice ; oc, oesophagus ; or, 
ovary ; p , parietal muscles ; ph, pharynx ; p.r, parieto- vaginal muscles ; r, rectum ; 
r.m, retractor muscles (contracted) ; .v, stomach ; t, testis ; hi, tentacles • t.s, ten- 
tacle-sheath or kamptoderm. (After Prouho. 1 ) 


communicates by a narrow passage with the rectum (r), which 
opens by means of the anus (a). 

In the retracted condition the tentacles ( tn ) lie in a cavity 

1 Arch, Zool . Exp. 2 ser. x. 1892. 
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which opens to the exterior by the orifice ( o ). The cavity is 
bounded by a thin membrane termed the “ tentacle-sheath ” (ts\ 
and it is incompletely subdivided, near its upper end, by a 
diaphragm (7/), perforated by a circular hole through which the 
tentacles can be protruded. The diaphragm bears the thin 
folded collar characteristic of the (Jtenostomata, the group to 
which the species figured belongs (see p. 477). 

Fig. 238, B, shows the tentacles of Bowerbarikia in their fully 
expanded and partially expanded condition. Comparing this with 
Fig. 234, it will be clear that when protrusion is taking place, 
the tentacles are forced in a bundle, tips first, through the 
diaphragm and next through the orifice of the zooeciurn, the 
alimentary canal offering no resistance to this movement, owing 
to the length of the oesophagus. A moment’s consideration will 
show that the bases of the tentacles, in passing through the 
orifice, will carry with them that part of the flexible tentacle- 
sheath to which they are attached ; and it will further be clear 
that so much of the tentacle-sheatli as is thus protruded will be 
turned inside out. This process of “ evagination ” continues until 
its further progress is stopped by the retractor-muscles (r.m), and 
by the ]>arie to- vaginal muscles (p.v), which pass from the interior 
of the body-wall to the upper part of the tentacle-sheath. The 
latter has now become the delicate layer which connects the 
expanded tentacles with the zooeciurn: and the anus (Fig. 238, 
0, a) opens directly to the exterior. Since the name “ tentacle- 
sheath ” is thus descriptive of the condition of retraction only, the 
term “ kamptoderm” 1 has been suggested as an alternative name. 

The presence of a complete digestive canal and the ciliation 
of the tentacles in Polyzoa are conspicuous differences between 
these animals and the Hydroids, with some of which the Polyzoa 
may have a marked external similarity. 

The outermost 2 layer of the body-wall is known as the 
“ ectocyst ” (Fig. 234, e). This may be densely calcareous, in 
which case the dried Polyzoon differs little in appearance from 
the living animal with its tentacles retracted ; or it may be 
partially calcified, or it may consist entirely of a flexible cuticle, 

1 Kraepelin, Abh. Ver. Hamburg , x. 1887, No. ix. p. 19 ; K&iurreiv, to bond ; 
Mpfia, skin. 

2 Parts of the ectocyst of some calcareous forms are covered by an external invest- 
ment of colls, which give rise to secondary thickenings, ridges, and other growths. 
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as in Fig. 234. The ectocyst is prolonged through the orifice 
(a) as far as the diaphragm ( d '). 

Forms with a calcareous ectocyst are commonly ornamented 
with ridges or other patterns, which are often of great beauty. 
The ectocyst in these cases is commonly interrupted at intervals 
by pores (Fig. 239, C), into which processes of the “ ondoeyst ” 
the living, internal part of the body-wall — extend. These may 

appear as superficial pores, which apparently open to the exterior 
in the dried condition, or they may perforate*, the septa between 
adjacent individuals. This may be strikingly demonstrated by 
decalcifying a branch of Crisia (Fig. 237), in which the zooecia. 
then appear connected by numerous strands of tissue*. In many 
marine forms the communications between the individuals are in 
the form of small sieve-like plates known as “ rosette ‘-plates.” 

The endocyst may consist of definite*, layers of ectoderm ( ew ) 
and mesoderm (mm), as in Fig. 234, but the mesoderm is 
commonly in the form of a loose network, some of which is 
attached to the body-wall, some to the alimentary canal, some 
forming connecting strands between these two layers, and other 
cells lloating about freely in the body -cavity. These mesodermic 
structures are often spoken of as the “ funicular tissue,” since one 
or more strands of it commonly take on the form of a definite 
“ funiculus ” (/). This structure may bear the ovary (or), while 
the testes (t) are found, commonly in the same zooecium, attached 
to various parts of the body- wall. The eggs and spermatozoa, 
when ripe, break off and float freely in the body-cavity. 

The funicular tissue was at one time described as a “ colonial 
nervous system.” The idea expressed by this term must be 
considered erroneous from the fact that no nervous co-ordination 
of the individuals is known to exist, in the vast majority of 
cases. The actual nervous system consists of a ganglion (//) placed 
between the mouth and anus of each polypide, and lying in a 
small circular canal (not shown in Fig. 234) which immediately 
surrounds the oesophagus. This canal is developed in the bud as 
a part of the body-cavity, from which it becomes completely separ- 
ated in marine forms. The Polyzoa have no vascular system. 

Brown Bodies. — In the majority of cases, an extraordinary 
process of regeneration takes place periodically during the life 
of each zooecium. The tentacles, alimentary canal, and nervous 
system break down, and the tentacles cease to be capable of being 
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protruded (Fig. 235, 1). The degenerating organa become com- 
pacted into a rounded mass (Fig. 235, 2 and 3, b.b), known from 
its colour as the “ brown body.” This structure may readily be 
seen in a large proportion of the zooecia of transparent species. 
In active parts of the colony the body- wall next develops an 
internal bud-like structure (Fig. 235, 1, b ), which rapidly acquires 
the form of a new polypide (Fig. 235, 2 and 3). This takes the 
place originally occupied by the old polypide, while the latter 
may either remain in the zooecium in the permanent form of 



Vkj. 23a. — Flush'd papyrra Pall. Naples. x , r »0. Illustrating tlie development of a 
new polypide after the formation of a “hrown body.” In 1, a, two masses formed 
from the alimentary canal ; b , young polypide-bud ; h.b % degenerating tentacles ; 
<*, connective tissue : 2, another zooecium, later stage ; b.b, brown body ; /•.///, re- 
tractor muscles; s, stomach; t> tentacles of new polypide; t.s , tentacle-sheath: 
3, the same zooecium, 191 hours later ; letters as in 2. 1 and 2 are seen from 

the front, 3 from the back. 1 

a “ brown body,” or pass to the exterior. In Flustra the young 
polypide-bud becomes connected with the “ brown body ” by a 
funiculus (Fig. 235, 1, 2). The apex of the blind pouch or 
“ caecum ” of the young stomach is guided by this strand to the 
“brown body,” which it partially surrounds (3). The “brown body” 
then breaks up, and its fragments pass into the cavity of the 
stomach, from which they reach the exterior by means of the anus. 

There is some reason to believe 2 that these remarkable pro- 
cesses are connected with the removal of waste nitrogenous 
matters. The Marine Polyzoa are not known to be, in most 
cases, provided with definite excretory organs, although it is 
1 From tbe Quart . J. Micr . Sci. xxxiii. 1892. 2 Ibid. p. 123. 
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possible that the intertentacular organ (Fig. 224, i) described 
on p. 508 may in some cases perform excretory functions. There 
can, however, be little doubt that some kind of excretion takes 
place in the l’olyzoa ; and in considering what organs could 
possibly perform this work, our attention is arrested by the 
alimentary canal. The digestive organs of the young bud are 
perfectly colourless. As growth proceeds, certain parts acquire 
a yellowish, and later a brown colour. The degeneration of the 
polypide is followed by the grouping of huge numbers of the 
free cells of the body-cavity into a mass which closely surrounds 
the incipient “brown body.” Under their action, the latter 
becomes considerably smaller, probably as the result of the 1 2 ab- 
sorption of matters of nutritive value, into other tissues. The 
final result is the formation of the compact “brown body,” 
whose colour is principally derived from the pigment formerly 
present in the alimentary canal. Experiments made by intro- 
ducing into the tissues of the Polyzoa certain artificial pigments 
which are known to be excreted by the l ift ttr//s when injected into 
the bodies of other animals, have given some ream m for believing 
that the appearance of the brown pigment in the wall of the diges- 
tive organs is, in part, a normal process of excretion ; although 
that process is not entirely carried out by the organs in question. 

Little is known with regard to the duration of life of a single 
polypide; but some information bearing on this question may be 
obtained from a set of observations made on Fhtstrn pnpyvcn} 
The table gives the number of days from tin* time at which 
the polypides were noticed to commence their degeneration : — - 

Days. 

2 . . “ Drown body" partially formed, the parts of tin* polypide being still 

. easily recognisable. 

5 . . Tentacles still just recognisable : appearance of new polypidedmd. 

8 . Stage shown in Fig. 23 5, 2. 

11 . . Union of a] »ex of stomach with “ brown body.” 

16 . . “ Brown body " half surrounded by stomach, and preparing to break 

up (Fig. 235, 3). 

21 . . 41 Brown body " broken up into numerous fragments, contained in the 

alimentary canal of the new polypide. 

35 . . “ Brown body " almost completely absorbed. - 

1 Quart. J. Micr . Sci. xxxiii. 1892, p. 147. The experiment was conducted in 
a laboratory, and the results may not be perfectly normal with regard to the time 
occupied. 

2 See also Joliet, Arch. Zool. Exp. vi. 1877, p. 202, and explanation of plate 
viii. for another series of observations. 
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These results did not hold good for all the zooecia in a single 
colony. In some, the “ brown body ” was not completely got rid 
of at the end of sixty-eight days, the conclusion of the experiment. 

So striking are the facts relating to the “ brown bodies ” that 
it has been believed 1 that what we have above described as the 
individual really consists of two kinds of individuals: firstly, 
the “ polypide or complex of tentacles and digestive organs; 
and secondly, the “ zooecium,” or house of the zooid or polypide, 
corresponding with what has been described above as the body- 
wall. The one individual, the zooecium, is on this view provided 
with successive generations of the second kind of individual, the 
polypide ; and these latter function as the digestive organs of 
the two-fold organism. This view, though fascinating at first 
sight, is not borne out by an examination of all the facts of the 
case, especially when the Entoprocta are taken into account. 

History. — The history of the Polyzoa, as far as 1856, has 
been fully treated by Allman in his great work on the Fresh- 
water Polyzoa ; 2 but a few words may be said on this subject. 

The Polyzoa attracted comparatively little attention before 
the beginning of the present century. Originally passed over as 
seaweeds, their real nature was established in connexion with 
the discovery of the animal nature of corals. So great a revolu- 
tion could hardly be accepted without a struggle, and even 
Linnaeus went no further in this direction than to place them 
in a kind of half-way group of “ zoophytes,” whose nature was 
partly animal and partly vegetable. It is hardly necessary to 
point out that this view has now been abandoned by common 
consent ; and indeed there is no more reason for regarding an 
animal as showing an approach to the plants because it grows 
in the external semblance of a seaweed than there would be for 
supposing a bee-orchid to be allied to the animal kingdom 
because of the form of its flowers. 

But the claims of the Polyzoa to rank as a separate class 
were by no means admitted with the discovery that they were 
animals. They were still confounded with Hydroids, Alcyo- 
narians, or Corals until their possession of a complete alimentary 
canal was recognised as a feature distinguishing them from those* 

1 See especially G. J. Allman, Monograph of the Fresh-water Polyzoa, Ray Society, 
1856, p. 41 ; and H. Nitsche, Zeitschr. toiss. Zool. xxi. 1871, p. 479. 

2 Ray Society, 4to, 1856. 
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animals. This was principally due to the observations of J. V. 
Thompson 1 in Ireland, who introduced the term Polyzoa ; and 
of C. G. Ehrenberg 2 in Germany, who proposed the class-name 
Bryozoa, or moss-like animals. 

It is impossible to avoid all mention of the controversy which 
has raged with regard to these two rival terms. The contro- 
versy is for the present at rest, the name Polyzoa being 
employed by the majority of English writers, amongst whom 
must be mentioned Allman, Busk, Hincks, and Norman, ad- 
mittedly authorities of the first rank ; while Bryozoa is 
employed by practically all the Continental writers. 

The priority of Thompson’s name is unquestioned. While 
Ehrenberg, however, definitely introduced Bryozoa as the name of 
a group, Thompson was less precise in this respect, although he 
states 3 that his discovery “ must be the cause of extensive 
alterations and dismemberments in the class with which they 
[the Polyzoa] have hitherto been associated.” Thompson, in 
fact, clearly understood that the Polyzoa could no longer rank 
with the Hydroids. The controversy has been summarised by 
Hincks, in his History of the British Marine Polyzoa , 4 where 
references to other papers on the same subject are given. 

The Polyzoa were associated by H. Milne-Edwards with the 
Tunicata in the group Molluscoidea (Molluscoides ii ), to which 
the Brachiopoda were afterwards added by Huxley . 3 A know- 
ledge of the develojmient of the Tunicata has, however, shown 
that these animals must be withdrawn from any association witli 
the other two groups ; while there is little real evidence that even 
the Brachiopods have anything to do with the Polyzoa. 

Classification. — The Polyzoa are divided into two sub- 
classes : — I, the Entopkocta ; and II, the Ectopkocta . 7 Al- 
though the character referred to by these terms is merely the 
position of the anus with relation to the tentacles , 8 there can be 
no doubt that the two groups differ widely from one another in 

1 Zoological Researches and Illustrations, V. “On Polyzoa.” Cork, 1830. 

* “Symbolae Physicae," 1831, and Abh. Ak. Berlin , 1832, i. p. 3/7, etc. 

3 T. cit. p. 92. 4 Vol. i. 1880, Introduction, p. cxxxi. 

J jSldmcns de Zoologic , 2nd ed. Animaux sans Vertibres , 1843, pp. 238, 312. 
Prof. A. Milne-Edwards lia 8 kiudly written to me, informing me that he believes 
.this to have been the first occasion on which the term was thus used. 

8 Phil . Trans . vol. cxliii, 1853, p. 62. 

7 Nitsche, Zeitschr . wiss. Zool. xx. 1870, p. 34. 

8 wpwKrbt, anus ; ivrfc, within ; 4kt6s, without. 
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many important respects. I do not, however, accept the view, 
maintained by some authors, that the Entoprocta and the Ecto- 
procta are two separate classes which are not nearly related. 

The base from which the whole set of tentacles springs is 
known as the “ lophophore.” 1 In the Entoprocta (Fig. 236, 1) 
the lophophore is circular; the mouth is situated near the 
margin of the area surrounded by the tentacles ; and the anus 
is found within the circlet, near the end opposite to the 
. mouth. 

In (2) and (3), representing the Ectoprocta, the anus is 
outside the series of tentacles. In the majority of cases, includ- 
ing all the marine Ectoprocta and one or two of the fresh-water 



Km. 230. Ground-plan of tlie lophophore In (1) Entoprocta, (2) Gymnolaemata, (3) 
Phylactolaemata : re, anus ; ep, upistoniu ; v/i, mouth. The tentacles are repre- 
sented by shaded circles. 


forms, the lophophore is circular (2), the mouth occurring at the 
centre of the circle, and not being provided with a lip. These 
forms of Ectoprocta constitute the Order Gymnolaemata, 2 the 
dominant group of the Polyzoa in respect of number of genera 
and species. The remaining Ectoprocta belong to the exclusively 
fresh-water Order Phylactolaemata, 8 in which the mouth is 
protected by an overhanging lip or “ epistome ” ; the ground- 
plan of the tentacles is, except in Fredericella, horse-shoe shaped 
(Fig. 236, 3), and the tentacles themselves are usually much 
more numerous than in the other cases. 

The general characters of these divisions will be more easily 
understood by referring to the figures given of living representa- 
tives of the groups. The Entoprocta are illustrated by Figs.* 
243-245 ; the Gymnolaemata by Figs. 238, 240 ; and the 
Phylactolaemata by Figs. 247,. 248. 

1 \60of, crest or tuft. 3 yvpvos, naked ; \aip6t, throat. 3 <pv\d<ra<a y I guard. 
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The Gymnolaemata include three Sub-Orders : — 

1. Cyclostomata. 1 — Body-wall densely calcareous, the zuoecia being more 

or less tubular, usually with a circular orifice (Fig. 237). . 

2. Cheilostomata. 2 — Body- wall of varying consistency. The orifice is 

closed, .in the retracted state of the polypide, by a eliitinous lip or 
“operculum,” which is more or less semicircular (Figs. 239, 241). 

3. Ctenostomata.'* — Body- wall always soft. The cavity into which the 

tentacles are retracted is closed by a frill-like membrane, the edges 
of whose folds have some resemblance to the teeth of a comb . This 
membrane, the “ collar,” is seen in different conditions of protrusion 
or retraction in Figs. 234, 238. The stomach may, in this group, 
be preceded by a muscular gizzard (Fig. 238, C, //). 

Occurrence. — By far the larger number of the Polyzoa are 
inhabitants of the sea. A recently published catalogue 4 of 
marine Polyzoa includes nearly 1700 living species; and of 
these, the great majority belong to the Gymnolaemata. This 
group is further known to include an enormous number of fossil 
forms. Not only do we find that in living Polyzoa the mem- 
bers of a single Order largely outnumber the remainder of the 
Polyzoa, but we may further notice that the Cheilostomata, one 
of the sub-Orders of the dominant group, are at present largely 
in excess of the whole of the rest of the Polyzoa taken together. 

Polyzoa may be collected with ease on almost any part of our 
coasts. The fronds of the “ sea-mat ” ( Flvstra folia ceo) are 
thrown up by the waves in thousands in places where the 
bottom is shallow and sandy. The bases of the larger seaweeds 
growing on rocks between tide-marks are nearly always thickly 
covered with encrustations of Flnstrella hispida or of species of 
Alcyonidium, in places where they are kept moist by being 
covered with a sufficiently thick layer of other algae. Rocks 
.which are protected from the sun may be coated with calcareous 
Cheilostomes ; and these are also found, in company with branch- 
ing Polyzoa of various kinds, on the bases of the Laminaria 
thrown up by gales or exposed at spring tides. The graceful 
spirals of Bugula turbinata (Fig. 233, A) may be found hanging 
from the rocks at extreme low water ; while colonies of Hcrupo- 
cellaria , remarkable for their vibracula (see p. 484), are common 
in many places between tide-marka Certain species affect the 
mouths of estuaries. 

1 kvk\os, circle ; <rr6/ua, mouth. 2 hp. 3 ktcIi, ktcvSs, comb. 

4 Miss E. C. Jelly, Synonymic Cat . Recent Marine Bryozoa f London, 1889. 
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Membranipora membranacea commonly covers many square 
inches of the frond of Laminaria with its delicate lace-like 
encrustation. Nitsclie 1 has shown that this species has its 
calcareous matter deposited in plates, separated by intervals of 
uncalcified ectocyst. The effect of this arrangement is to make 
the colony flexible, and to enable it to adapt its shape to the 
movements of the Laminaria , which is swayed to and fro by 
the action of the waves. Many of the calcareous forms grow- 
ing on Laminaria have no special arrangement of this kind, 
and they accordingly grow in colonics whose area is so small 
that the greatest movements to which the seaweed is liable are 
not sufficient to crack or break the colony. 

Many species show a decided, or even exclusive, preference 
for particular situations; as, for instance, species of Triticella, 
which are only found on certain Crustacea. Many encrusting 
forms prefer the inside of dead shells of Prcten, Cyprina , etc., to 
any other habitat. ' Tcrebripora excavates tubular cavities in 
the substance of the shells of Molluscs. Ifypophorella 3 inhabits 
passages which it forms in the walls of the tubes of the Poly- 
cliaets, La nice and Ckaetoptcrus. Lepralia foliacea , one of the 
Cheilostoniata, forms masses which may reach a circumference of 
several feet, simulating a small coral-reef. Its contorted plates are 
a regular museum of Polyzoa, so numerous are the species which 
delight to find shelter in the quiet interstices of the colony. The 
exquisite little colonies of Crisia eburnea are commonly found on 
red seaweeds, or on the branches of the Hydroid Sertvlaria. 

The Polyzoa are found at all depths, certain Cheilostomes 
having been recorded from 3000 fathoms. The Cyclostomes 
dredged by the “ Challenger ” were all found in depths of 1600 
fathoms or less, while the Ctenostomes are a distinctly shallow, 
water group, most having been found at less than 40 fathoms, 
and only three at so great a depth as 150 fathoms. 4 

A few forms (. Membranipora pif-om, Serupocdlaria reptans , etc.) 
are known to be phosphorescent ; b but it is not known what is 
the purpose of this phenomenon. 

1 ZcitscJtr. triss. Zool. xxi. 1871, p. 421. 

3 Fischer, Nouv. Arch . Mus. Pans , ii. 1860, p. 293. • 

3 Fillers, Abh. Gcs. GUiimjen, xxi. 1876, p. 3, and Joyeux-Laffuie, (as Delagia) 
Arch. Zool . Exp. 2 ser. vi. 1888, p. 135. 

4 Husk, “Challenger” Reports, Parts 30 and 50. 

5 Hincks, Brit. Marine Polyzoa , Introduction, p. cxxxv. 
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External Form. — The Polyzoa 
may he roughly divided into (1) 
encrusting forms, usually calcare- 
ous, but sometimes soft; and (2) 
erect forms, which are either rigid 
or flexible. This flexibility can 
coexist with a highly calcified 
eetoeyst, as in Crisia (Fig. 237), 
Cell aria, and others in which the 
branches are interrupted at inter- 
vals by chitinous joints. The 
coral-like forms may assume the 
most exquisite shapes, pre-eminent 
among which are the lovely net- 
like colonies of j Ueteporu* Polygon 
of this type are seldom found be- 
tween tide - marks, where their 
brittle branches would be liable to 
be snapped off by the waves. The 
erect species which occur in such 
positions are flexible, although 
flexible species are by no means 
restricted to the zone between 
tide-marks. 

Although the form of the 
colony is very different in different 
Polyzoa, a pocket-lens will usually 
show whether a given specimen 
belongs to the group or not. The 
surface is nearly always more or 
less distinctly composed of zooecia, 
or at least shows their orifices. 
The entire colony may be built up 
of these zooecia ; and this is by 
far the commonest arrangement, 
both in encrusting and in erect 
forms. In certain genera, how- 
ever, and particularly in some 
Gtenostomes {Fig. 238), and in 
most of the Entoprocta, the indi- 



Fio. 237 . — Crisia ramosa llarmer, Ply- 
mouth. A, End of a branch, x 1 ; B, 
another branch, x 20, showing the 
chitinous joints, the tubular zooecia 
characteristic of Cyclostomata, and 
the pear-shaped ovicell with a funnel- 
shaped orifice at its upper end. 
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viduals grow out at intervals from a cylindrical stem or “ stolon ” 
(si), which is not composed of zooecia. 

The Cyclostomata may assume an erect or encrusting .habit. 
Their zooecia are always more or less cylindrical; the upper ends 
being often completely free, although in many cases the whole 
zooecium is closely adnate to its neighbours. In the breeding 
season the forms which belong to this group are provided with 
curious “ ovicells,” which contain the embryos. These 4 may 



Fia. 238 . — Bmoerbankia 
pustvlosa 1 Ell. and Sol., 
Plymouth. A, Fragment’ 
of a colony, natural size, 
showing the branching 
stem, bearing tufts of 
zooecia : B, one of these 
tufts, with the growing 
apex of the stem(sl), x 27 ; 

b, young zooecia (buds) ; 

c , the “ collar " charac- 
teristic of Clenostomata ; 
t, tentacles : C, a single 
zooecium, with expanded 
tentacles, more highly 
magnified ; . a, anus ; c, 
collar ; g, gizzard ; t, in- 
testine ; 0 , oesophagus ; 
s, stomach. 


cither be pear-shaped swellings on the branches (Crisia, Pig. 
237), or they may form inflations of the surface, between the 
zooecia. The mature ovicell is provided with one or more open- 
ings, through which the larvae escape. 

The Ctenostomata rarely have even the slightest trace of calca- 
reous matter. Alcyonidiurn and its allies form soft encrustations, 
or may even grow into erect masses six inches or more in height 
(A. gelatinosum). In this type the zooecia are often so closely 
united that it may be difficult or impossible to make out their 
limits in the living colony. Many of the dendritic or branching 
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Ctenostomes (Fig. 238) are characterised by an extreme delicacy 
of habit. . The zooecia in these cases are sharply marked off from 
the stem. They ate either cylindrical or ovoid, being commonly’ 
attached by, a very narrow base, so that nn some species they 
readily fall off, and may thus be completely absent in certain parts 
of 'the colony. I 11 such forms as Vesicular ia spinosa , it requires 

considerable experience to recognise a stem which has lost its 
zooecia as being part of a Polyzoon. In Mimosella the zooecia 
possess a remarkable power of movement on the stem, similar 
to that possessed by the leaflets of the Sensitive Plant. 1 In 
certain forms (. Bowcrbanlcia , Amatliia ) the zooecia occur in groups 
separated by intervals which are devoid of zooecia, hut in other 
cases they may have a more irregular arrangement. The collar 
to which ‘this group owes its name is by 110 means a conspicuous 
feature. v Its position when retracted lias been shown in Fig. 
234, while Fig. 238 further illustrates its relations. 

The Oheilostomata grow in a great variety of forms, and also 
show a wide range of character in their zooecia. The orifice is 
commonly surrounded by stiff spines (Fig. 257, p. 524), which 
perhaps have the function of protecting the delicate polypides 
from the sudden impact of foreign bodies. These spines may 
attain an enormous development, as in Bicell aria ciliata , and some 
forms of Electro, (MemhraniporcL) pilosa (Fig. 256, A). 

The operculum is usually, though by no means always, a con- 
spicuous feature of the Cheilostome zooecium. It is invariably 
of cliitinous consistency, and is more or less semicircular in out- 
line, the straight edge forming a hinge on which the operculum 
opens. I 11 some cases the orifice is surrounded by a raised 
margin or "peristome” (Fig. 255, B, C); the operculum is then 
situated at the bottom of a depression of the surface, and may l>e 
concealed from view. In others, in which the front wall of 
the zooecium is membranous ( Bugula , Fig. 233), the operculum 
is merely a part of this membrane, and so is quite inconspicuous ; 
‘and in cases of this kind the membranous wall may be protected 
by an arched spine, the “ fornix,” developed from one side of the 
zooecium (Fig. 254,/). The ovicells are commonly a conspicuous 
feature of this group, although they are believed to differ funda- 
mentally from those of Cyclostomata. They have the form of a 
helmet-like covering overhanging the orifice (Figs. 240, 241), 

1 Hincks, Brit. Mar. Polyzou , i. p. 558. 

2 1 ♦ 
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and may be either prominent or more or less concealed by the 
growth of adjacent parts of the zooecia. The presence of ovicells 
of this description is perfectly distinctive of the Cheilostomata. 

Avicularia and Vibracula. — Most singular of the external 
appendages of the Cheilostomata are the extraordinary “ avicu- 
laria ” and “vibracula” of some genera. 1 By the comparison of a 
carefully selected series of genera, it lias been established that the 
avicularium is a special modification of a zooecium. One of its 
least modified forms is found in Flustra foliacea (Fig. 232), 



Ficj. 230. — Forms of avicularia. A, Cellar in Jistulom L., Plymouth, x 43; a.z, avicu- 

luriuu zooecium, with closed mandible ; o, operculum of zooecium : B, Bc/tizojnrrella 
unicorn is Jolmst., Scully Is., x 43 ; zooecium bearing two avicularia; m 9 opened 
mandible of avicularium ; .v, sinus of orifice : C, zooecium of Smittia landsborovii 
Jolmst., Plymouth, x 43 ; the operculum is seen at the bottom of a depression 
surrounded by a thin collar or “peristome,” in an einurgination of which is seen 
an avicularian zooecium (a.z) ; in, mandible (opened) ; j > , pores ; l , tooth. 


where the avicularia ( a ) are small zooecia with a conspicuously 
large operculum (“ mandible ”). Avicularia of a similar type 
occur in Cell aria (Fig. 239, A), Schizotheca, etc., tile avicularium 
occupying the place of an ordinary zooecium. These are the 
" vicarious ” avicularia of Mr. Busk. 2 

In the next stage (Figs. 239, B, 256, B) the avicularian 
zooecium is further reduced ; it has in most cases lost its place 
in the series of individuals, and is found instead seated on some 
part of an ordinary zooecium (“ adventitious ” avicularia). The 
avicularium now consists of a much reduced zooecium, bearing 
the well-developed operculum or mandible. 

1 Sec Hincks, Brit. Mar. Polyzoa, i. p. lxiv. ; and Busk, Cat. of Marine Polyzoa in 
the British Museum, part ii. 1854, p. 103. 

2 J. Linn. Soc. xv. 1881, p. 359. 
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Having arrived at this point, the avicularia seem to lose all 
sense of the propriety of remaining in the positions once occupied 
by zooecia. They have become degraded to the rank of append- 
ages of the zooecia, and as such they may occur in an astonishing 
variety of positions. Sometimes one occurs on each zooecium in 
the middle line, or asymmetrically, or even on the top of the 
ovicell ; in other cases the 
orifice is flanked by an avi- 
eularium on each side (Fig. 

239, B). Sometimes (VeUe- 
pora ) the avicularia are of 
more than one kind, some 
being large and some small, 
some having a pointed man- 
dible and others a mandible 
with a rounded spoon-like 
end- 

in the cases so far con- 
sidered, the body of the 
avicularium is fixed. The 
highest dilferentiati on 
acquired by these structures 
occurs in cases like Biujula , 
where they are borne on 
flexible stalks, which may 
even exceed the avicularia 
in length. 1 

In Bvrjvla turbinata (Fig. 

240) each zooecium is pro- 
vided with one of these 

appendages, attached to the Km, 240. - - -llwjvla turbinata , showing avicu- 

base of the outer of the two la r ia “')• The figure is explained on p, 

408. 

spines which border its ori- 
fice. The avicularia of the two edges of the flattened branch 
are much larger than those of the more internal zooecia. The 
upper jaw is strengthened by a kind of buttress, or thickening 
of the ectocyst, which passes on each side across the avicularium 
to the hinge-line of its mandible. The upper part of the beak 
is strongly hooked, while the tip of the mandible bears a 
1 “Challenger” Report, part xxx. 1884, pi. ix. 
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prominent spike, which iits inside the upper beak when the jaw 
snaps. A great part of the head is filled with a strong muscle, 
whose fibres exhibit a distinct transverse striation, and converge 
into a median tendon. The latter is inserted into the middle 
of the mandible. The muscle serves to close the jaws, and is 
the representative of the muscles by which the operculum is 
closed in an ordinary zooecium. The lower jaw is opened by 
means of a pair of muscles which are situated immediately under 



Fi«. 241. -Illustrating the transition from avicularia to vibracula. A, Microporclla 
cilUita Pall., Scilly Is., x 62 ; a, avicularium with short rnamlible (closed) ; u\ 
aviculariuui with vibraculoid mandible (open) ; m.jt, median pore ; o, ovieell : B, 
Mastiyoptiom diUertrei Aud., Shetland Is., x 47 ; sinus of orifice; v, seta of 
vibraculmn (or vibraculoid avicularium). 


the ectocyst of the avicularium, and pass into the mandible close 
to its hinge. 

Within the jaws, in the region which we may term the 
palate, is a rounded knob, which bears a tuft of delicate sensory 
hairs, which doubtless enable the avicularium to recognise the 
presence of any foreign body. The closure of the mouth may, 
indeed, be instantaneously induced by touching it with the point 
of a needle. It has been suggested that a small mass of cells 
which bears these hairs may represent the rudiment of the 
polypide. 

The “ vibraculum ” (Fig. 242) is regarded as an avicularium 
in which the mandible has become elongated, so as to form a 
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thin, chitinous “ seta,” which from time to time moves through the 
water. The part of the vibraculum which represents the zooeeiiuu 
commonly bears a tubular rootlet, used for attaching the colony 
to the substance on which it is growing (Fig. 254, p. 517). 

In Microporella ciliata (Fig. 241, A) the avicularia are very 
variable, and in some cases take 011 a “ vibiaculoid ” character. 
But in the fully-developed vibraculum (Fig. 242) there is usually 
no such compromise of characters. It may, however, be*, noted 
that Seriipocellaria scabra (Fig. 254), which belongs to a genus 
characterised by its highly differentiated vibracula, possesses 
structures (■ r.z ) which could hardly be distinguished from avicu- 
laria were it not for the presence of the rootlet (r). 

In the course of some observations which I had the oppor- 
tunity of making on Buy id a cal nth us at Naples, a fine hair offered 
to a small colony was seized with such force by the avicularia 
that the entire colony was lifted out of the water by the hair. 
The same colony had captured (1) a small Nereis, which it held 
with several of its avicularia; (2) an Anisopod Crustacean, 2l 
111111 . long; and (tf) a small Amphipod, which was held by one of 
its antennae. The Anisopod was held by the tip of one leg with 
one aviculariiun, and by the penultimate joint of one of its chelae 
with an aviculariiun of another branch. It was captured in such 
a way that its chela, the “ hand ” of which was about half as long 
as the avicularium, actually closed on to the aviculariiun without 
being able to effect its escape. A little later the other chela was 
caught by another avicularium. Curiously enough, however, an 
avicularium did not necessarily close even when part of a. captured 
animal was actually in its mouth. The avicularia made no 
attempt to place themselves in an advantageous position for 
catching fresh parts of the Nereis, which they might easily have 
done. The avicularia which had captured prey remained motion- 
less. The others moved backwards and forwards (cf. the various 
positions of the avicularia shown in Fig. 240) ten times in ^ to 
1 minute, snapping their jaws perhaps once in that time. The 
two Crustacea were still retained by the avicularia two days 
later. On the next day they had both disappeared; but the 
colony had again caught the Nereis , which had previously effected 
its escape with the loss of nearly all its tentacular cirri. 

These observations, and others which have been recorded, do 
not, unfortunately, give any information as to the purpose of the 
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movements of the avicularia and vibracula. It is obvious that 
they may be defensive in character ; and it cannot be doubted 

that the avicularia can prevent 
inquisitive worms from stray- 
ing at will over the surface of 
the colony. There is no evi- 
dence to show that animals are 
di scouraged from inter feri 1 lg 
with a Bugula owing to the 
presence of its defensive weapons. 

It is not, indeed, certain 
what are the enemies against 
which the Polyzoa have specially 
to guard. Sea-urchins and cer- 
tain Molluscs are known to 
browse on Polyzoa. Fresh- 
water Polyzoa, in which avicu- 
laria and vibracula are absent, 
are attacked by the larvae of 
Trisects, and by Tridad Planar- 
ians. T have found the latter 
with their long pharynx everted 
and completely buried in a 
Cristate! la colony. It is pos- 
sible that some marine Clieilo- 
stomes may be saved from 
attacks of this kind owing to 
the existence of their armoury 
of avicularia and vibracula. 
It is also possible that these 
structures are of service by 
removing foreign particles which 
might otherwise settle on the 

Fig. 242 .—Caberm ellisii Hem., Norway, colony, aild tend to block Up 
x 40. Back view of part of a branch. . . T . „ , 

The large vibracular zooecia (v.z) occupy its orifices. it lias further 

nearly the whole o f the surface, s, ] )een suggested that animals 
Seta oi vibraculum ; zooecia. . , , , ... 

seized by the avicularia may 
be held until they die, and that their disintegrating particles 
may then be carried to the mouths of the polypides by the ciliary 
currents of the tentacles ; but proofs of this suggestion are 
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wanting, and it must be admitted that the .subject needs further 
elucidation. 

The vibracula ordinarily remain stationary for some little 
time, every now and then giving a sweep through the water. In 
the majority of cases these structures, like the avicularia, act 
perfectly independently of one another, so far as can be made 
out ; but in Caberea (Fig. 242) the vibracula move in unison, 
the simultaneous action of the whole series, after a period of 
quiet, being described as “ positively startling.” 1 

It has been stated by Busk “ that the entire colony in Selen- 
aria anil Lunulites may be moved from place to place by the 
large vibracula which these forms possess. 

Entoprocta. — The Entoprocta, although a very small sub- 
class, deserve special consideration, if for no other reason, from 


7 


8 

a 


FltJ. 243. Pedicellina cemua Fall., Guernsey. Entire colony, x 27. The colony lias 

three growing ends, a; 1-8, individuals of colony; 1 and 8 are quite immature ; 
and 7 (tentacles retracted) is still young; 2, is seen in longitudinal section; </, 
generative organ, and below it the ganglion ; m t mouth ; r, rectum ; s, stomach ; 
between g and r are three embryos in the brood-pouch ; the tentacles are retracted ; 
in 5 and 6 the tentacles are expanded ; in 6 two embryos are seen within the circle 
of the tentacles, to the left of them is the rectum, and to the right the mouth ; 3 
is in the act of losing its calyx, and has already developed the beginning of a new 
. polypide-bud ; in 4 the primary calyx has been lost, and the new calyx is clearly 
marked otf from the stalk. 

the fact that many writers regard them as the most primitive 
group of Polyzoa, and consequently as the forms which show 
most affinity to other classes of animals. 

Their most obvious characteristic is, as we have already seen, 3 
the position of the anus within the circle of tentacles. The 
individuals formed by budding always remain more separate from 
one another than those of most Ectoproeta. 

1 Hincks, Brit . Mar. f olyztja, i. p. 58. 

3 Brit. Mus . Cat. part ii. 1854, p. 106 ; Hincks, t. cit. p. 181 n. p. 475. 
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The commonest Entoproctous genus is Pedieelli ua, a graceful 
little animal, which occurs on many parts of our coast. It may 
often be discovered by looking carefully on the pink, jointed, 
calcareous alga, CoralUna , which may be found growing at the 
edges of deep and cool rock-pools not too far above low-water 
mark. Its creeping stem or “ stolon ” is firmly attached to the sur- 
face of the seaweed, ami sends off vertical stems here and there . 1 
Each stem bears a “ calyx,” which is practically an individual of 
the colony. The stolon terminates, at one or both ends, in a 
growing-point (a), from which new individuals are budded off. 
The stalks bend from time to time in a curious spasmodic manner, 
by which means the calyces are moved about with an irritable 
and angry air. A good idea of the way in which the tentacles 
are folded away when tilt 1 , animal is disturbed may be obtained 
by putting the two wrists together, with the fingers spread out 
to represent the tentacles, the retraction of which would be repre- 
sented by turning the tips of the fingers down into the space, the 
“ vestibule,” between the two palms. A delicate fold of skin 
growing from the edge of the calyx closes over the retracted 
tentacles, owing to the contraction of a sphincter muscle present 
in its circular edge. The body-wall is not separated from the 
alimentary canal by a definite body-cavity, so that there is no 
obvious distinction between the polypide and the zooecium. The 
existence of the Entoprocta is in fact a strong reason for refusing 
to admit that' these two terms correspond with two different 
kinds of individuals. 

Let us now imagine the condition we should have if a large 
and continuous cavity were developed between the alimentary 
canal and the body-wall. The body-wall would clearly have the 
general relations of a zooecium, while the alimentary canal ami 
tentacles would obviously correspond with the polypide. The 
existence of the body-cavity would make it possible for the animal 
to retract its tentacles instead of merely turning them in. Re- 
garded in this way, there is but little difficulty in comparing the 
Ectoprocta with the Entoprocta. 

The calyces are deciduous, i.e. they are lost from time to 
time?, the end of the stalk then producing a polypide-bud, which 

1 JJarcnlsia Hincks ( = Ascopodaria Busk) differs from Pcdiccllina in that each 
stem lias a muscular swelling at its base. The genus is represented by two British 
species, B. yracilis Sara and B. nodosa Lomas. 
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forms the vestibule and alimentary canal of a new calyx. Hence 
the phenomenon which may so commonly he noticed in Pedieellvna 
of a “ young head on old shoulders.” The loss of the calyces may 
have some relation to the formation of the “ brown bodies ” in the 


Ectoprocta. 

Another Entoproct, Loxosoma (Fig. 245) is remarkable for 
being the only Polyzoon which is not colonial. The buds, which 
are formed in two lateral series, break oil* as soon as they are 
mature, and at once begin to lead an independent existence. 
Loxosoma is further remarkable for being almost invariably 
found commensally with other animals, where it may occur in 
enormous numbers. L. phaseolosomatvm, common in the Channel 
Islands, is only found on the tip of the tail of J'hascolosomn 
(see p. 428), which inhabits the mud of ^e,s*/m/-l>eds. Other 


species are found on the external surface of 
certain sponges ( Tethjfn , JS-iixponyia, Cavo- 
82 >ongi(i)\ or on the' outside of a compound 
Ascidian, Leptodhnvm , which may itself be 
carried about as a detachable covering on 
the back of a crab ( I) row in ;). Another 
species is found on the ventral surface of 
the Polycliaet Aphrodite , and of its ally 
] Ter mi-one . 

L . annelidicola , an interesting species 
recently investigated by Proulio/ was origi - 
nally described in I 860 as a Trematode, 
undn* the name of CydateUa. It escaped 
further notice until it was again found in 
the neighbourhood of Koscoff, in Brittany, on 
certain Polycliaets belonging to the family 
Maldauidae (see p. MM2). The calyx has a 
very flattened form, and is borne on a short 
stalk, which terminates in a large attaching 



Fi<;. ‘214. — Side view of 

Lo.t'osomti. an nr I idirola 
Van Hen. and Hess**, 
x .00. (From Proulio.) 


disc, formerly mistaken for the sucker of a Trematode. The 
features in which this species differs from other members of the 
genus are shown by M. Proulio to be correlated with its mode of 
life. The animal has the habit of lying flat on its back, the 


disc at the end of its stalk being firmly attached to the skin of 


the worm, and its short stalk being bent round into a curve so 


1 Arch . Zool. Exp. 2 sit. ix. 1891, p. 91. 
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as to bring the calyx into a supine position, with its lopliophore 
directed upwards. This habit, together with its flattened form, 
prevents it from being crushed between the worm and its tube. 
But without some further provision its position might be merely 
a source of danger. For supposing the calyx to be directed 
backwards in relation to the worm, a sudden backward move- 
ment of the latter into its tube might bring the Loxosoma into 
fatal contact with the inner surface of the tube. There would 

obviously not be sufficient room to 
turn round in a vertical plane, so as to 
bring the body into a position of 
safety, i.e. into a position in which it 
moves stalk first. But by a beautiful 
arrangement of the muscles of its stalk 
this movement is effected in a hori- 
zontal plane ; on touching the Loxosoma 
with the point of a needle it would 
swing round in this way through 180 ' 
with “ unc rapidite qui etonne.” 

Urnatella 1 is a beautiful form with 
a segmented stalk, the stalks usually 
arising in pairs from a common base. 
It has at present only been found in 
fresh water in the United States. 

In Pedicdlina the plane of the 
lopliophore is at right angles to the 
stalk, which is separated from its calyx 
by a marked constriction. In Loxo- 
soma the lopliophore is set obliquely,* 
and there is no constriction at the base 
of the calyx. In Urnatella we find an 
intermediate condition, the lopliophore resembling that of Loxo- 
soma, while the constriction at the base of the calyx is similar 
to that of Pedicdlina. Since the latter is known to pass in its 
development :i through a stage with an oblique lopliophore, it 
may lie presumed that Loxosoma is a more archaic form than 
Pedicdlina. In other respects, the structure of the Entoprocla 
is very constant, whatever the genus. 

1 For structure, see Davenport, Bull. Jhts. Harvard , xxiv. 1893, p. 1. 

2 \o£6$, oblique ; aw/ia, body. 3 Quart . J. Micr. Sci. xxvii. 1887, pi. xxi. Fig. 10. 


o 



Fia. 245. — Diagram of tlie struc- 
ture of Loxosoma , seen from 
the oesophageal side, x about 
70. ft, Anus ; b, buds ; <*, 
excretory organ ; f, foot-gland ; 
y, ganglion ; yn, generative 
organs ; o, orifice of vestibule ; 
oe, oesophagus ; s, stomach : 
t, retracted tentacles. 
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A pair of ciliated excretory tubes open into the vestibule. 
These are similar in structure to the “ head-kidneys ” of the 
larvae of Polychaet worms, or to the excretory organs of adult 
Rotifers. .Flame-cells have been described by Davenport in 
the stalk of Urnatella , but it is not known whether they are 
connected with the excretory tubes of the calyx. The animals 
are either hermaphrodite or have separate sexes, and the gener- 
ative organs open by ducts of their own into the vestibule. 
The nervous system consists of a ganglion placed between the 
mouth and the anus, giving off a set of nerves, many of which 
end in delicate tactile hairs placed on the tentacles or other 
parts of the body . 1 

1 Fora recent account of the Entoprocta, mm Fillers, “Ziir Konnhhss <1. IVdicol- 
linccn,” Abli . Ges. Gottingen , xxxvi. 1890, No. iii. 

[An important account of the structure of marine Ectoproeta is given by Calvet, 
“ Contribution a niistoire Naturelle ties Bryozoaircs Eetoproetes Marins,” Trav. 
Inst. Zuol. Montpellier , N.S., Mem. No. H ; 1900.] 
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FRESH- WATER POLYZOA FHYLACTOLAEMATA OCCURRENCE 

STRUCTURE OF (It 1ST A TELL A DIVISION OF COLONY MOVE- 
MENTS OF COLONY RETRACTION ANI) PROTRUSION OF POLY- 
PI DES IN POLYZOA STATOBLASTS TABLE FOR DETERMINATION 

OF GENERA OF FRESH-WATER POLYZOA REPRODUCTIVE PUO- 

l ' ESSES O F POLYZOA DE VELOPMENT AFFINITIES M RT A- 

MORPIIOSIS BUDDING. 

Fresh-water Polyzoa. — Although the Gymnolocmata are 
ordinarily marine animals, fresh-water examples from this Order are 
not altogether wanting. The Ctenostoinata among the typically 
marine groups show the most tendency to stray into fresh-water. 

Alryonidiam and Jtowerhankia (Fig. 238) Uourish in estuaries, 
while Vic tor cl la, and Paludicella (Fig. 250) are only known as 
fresh or hrackish water forms. Victorella was named after the 
Victoria Docks in London, where it was first found ; more recently 
it has also been discovered in other parts of England and on the 
Continent. 1 

The systematic position of the genera Hislopia and JVbrodonia , 2 
which have been described from fresh water of India and China 
respectively, is at present uncertain. The undoubted Cheilostome 
Memhvan ijtora has, however, a British representative (M. mono- 
st.achys), which occurs in brackish water, in ditches on the coast 
of East Anglia. It is there known to form “ friable, irregularly- 
shaped, sponge-like masses,” which grow on water-plants. 3 

1 Kraepolin, K., “Dio deutsclien Siiaswasser-Bryozocn. ” — Abh. Ver. Hamburg, 
x. 1887, No. 9, p. 95. 

2 Jullien, Bull. Sue . J2W. France, x. 1885, p. 92. 

:l Hi neks, Brit. Marine Polyzoa, i. p. 132. 
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The Entoprocta, as we have seen, are represented in fresh water 
by the genus Urnatetla. 

The Phylactolaemata are an exclusively fresh-water group, 
and they are believed by Kraepelin 1 to have been derived from the 
Ctenostoniata. Many of their special peculiarities can, with great 
probability, be regarded as adaptations to a fresh-water existence. 
This is particularly clear in the all but universal habit of dying 
down in the winter, and in the occurrence of the so-called 
statoblasts (Fig. 251), which are liard-shelled reproductive 
bodies, absolutely restricted to the Phylactolaemata, and capable 
of resisting the winter’s cold and even a certain amount of 
drying up. Phylactolaemata have indeed been recorded from 
the tropics ; but it is not yet sufficiently clear how they there 
behave in these respects. F. Muller 2 lias found those animals in 
Brazil, where they are said to be more common at certain periods 
of the year than at others, fttuhlmann has found them in 
Tropical Africa (Victoria Nyanza, etc.); 3 and Meissner 4 has 
discovered the sessile statoblasts of FlumatcUa on the shells 
preserved in the Berlin Museum, of species of the Mollusc 
Aetheria from various localities in Africa. Fresh-water repre- 
sentatives of a considerable number of other groups of animals 
agree with the Phylactolaemata in the possession of reproductive 
bodies which are protected by hard coats. Such, for instance, 
are the epliippian ova of J )aphnia — bodies which have an extra- 
ordinary external similarity to statoblasts — the gemmules of 
Spongillidae, the winter -eggs of Bhabdocoels and Rotifers, and 
the cysts of Protozoa. The evolution of these bodies in so many 
widely different cases may have been due to the selection of 
variations calculated to minimise the dangers attendant on the 
drying up of the water in summer, or on its freezing in winter. 

The Phylactolaemata are by no means uncommon, although 
they can seldom be found without a careful search. Their pres- 
ence may often be detected by taking advantage of the property 
of the free statoblasts of rising to the top of the water, where they 
can be discovered by skimming the surface with a fine hand-net. 

The colonies themselves arc usually found attached to water- 
plants, roots of trees or stones. Most of them flourish best in 


1 T. cit ., p. 167. 2 Quoted by Kraepelin, t. cit. f p. 83. 

Kraepelin, Abh. Ver, Hamburg , xii. 1893, No. 2, p. 65. 

4 Zool. Anz., xvi. 1893 (1894), p. 385. 
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a zone not more than two feet below the surface. Certain species 
show a perference for floating leaves, such as those of water-lilies, 
where they are not liable to be dried up by alterations in the 
level of the water. Some forms (e.g. Pluinatella, Fig. 246) are, 
however, able to withstand being dried for some time. Most 
species prefer shady places, and accordingly settle on the lower 
sides of leaves and sticks. Others (e.g. Cristatella , Fig. 247) 
have no objection to the direct rays of the sun. Most forms 
prefer still water, but one or two are found in running water. 

Fredcricclla is a common constituent of the deep-water fauna 
of Swiss Lakes (down to over forty fathoms) ; and reaches there 

a size considerably larger than the 
shallow-water form of the same species. 
Paludicella is common at thirteen 
fathoms. These two genera, with 
Plumatella, have been found in absolute 
darkness, under a pressure of 2^—5^ 
atmospheres, in the Hamburg aque- 
duct. The Polyzoa and other organisms 
growing in the water-supply of Ham- 
burg were accused of being concerned 
in the spreading of cholera, during the 
recent epidemic, by choking up the 
water-pipes, and creating obstructions 
which formed a favourable nidus for 
the development of cholera-germs. 

The colony may take the form oT a 
series of delicate, branching tubes 
( Plumatella , Frcderieella), of more mas- 
sive aggregations of parallel tubes (as 
in the Alcyonelloid forms of Pluma- 
tella ), or of gelatinous masses of vary- 
ing size ( Lophopus , Cristatella). 

Cristatella mucedo (Fig. 247) is remarkable for its power of 
moving from place to place ; it consists of an elongated mass of 
greenish, gelatinous substance, which, in its fully developed state, 
may reach a length of eight inches or more, with a transverse 
diameter of three-eighths of an inch. It has a flattened sole on 
which it crawls, while the graceful plumes of its numerous 
polypides protrude as a delicate fringe from its upper side. 



Fio. 246. — A, Plumatella ( Alcyo - 
uella) fungosa Pall., Naples 
(fresh water), small part of a 
mass, natural size : B, Pluma- 
tella repens L., It. Yare, oji 
the leaf of a water-lily, natu- 
ral size. 
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The tentacles are about eighty to ninety in number, and they 
are, as in other Phylaetolaemata, united at their bases by a 
delicate web. The lophophore is horse-shoe-shaped (Fig. 236, 3) 
throughout the group, with the exception of Fredericella , in which 
genus it is circular. 

In some Phylaetolaemata the polypide has been observed to 
interlace its tentacles, so that the plume becomes a kind of cage, 



Fig. *247. -Cristatella mucedo Cuv. (a small colony), R. Yare, above Norwich, x 24, 


in which the more active Infusoria are imprisoned until their 
struggles have so far weakened them that they are swept into 
the mouth by the action of the cilia of the tentacles. 1 

Around the edge of the Cristatella is found a zone of budding 
tissue, which gives rise continuously to new individuals. Now, 
whereas in Gymnolaemata the growing edge gives rise to zooecia, 
whose cavities become completely cut off* from that of the older 
ones ; in Phylaetolaemata the partitions between the zooecia are 
never completed. The body-cavity of Cristatella is thus a con- 
tinuous space, interrupted at the margin only by vertical septa 
(see Fig. 247), which represent the partitions between the 
zooecia of other forms. 

The body-wall consists of two epithelial layers of ectoderm 
and mesoderm, between which is a layer of muscular fibres. 

1 Hyatt, Proc. Essex Institute (U.S.A.) (reprint from vols. iv., v. 1866-1868), p. 9. 
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Parts of the epithelium lining the body-cavity are ciliated. 
Into the connnon body-cavity hang the polypide-buds at the 
edge of the colony, and the mature polypides in the more central 
regions. There are usually three rows of polypides on either 
side of the middle line, in the neighbourhood of which is an 
area devoid of polypides, but containing “ brown bodies ” and 
statoblasts. The polypides nearest to the middle line pass in 
succession into the condition of “ brown bodies,” while young 
buds near the margin grow up coincidently to form new 
polypides. 

The movement of the colony is in the direction of the long 
axis, although either end may go first. Sir John Dalyell records 
an observation 1 2 on a specimen (about one inch long) which was 
artificially divided into two halves. The two halves “ receded 
from each other as if by common consent,” and were nearly an 
inch apart in twenty hours. 

An observation made at Cambridge on a small colony of 
about 7 mm. in greatest length gave tin? following results. 
The colony moved 13 mm. (nearly twice its own length) in 
S\ hours: in the next 40 hours it moved 20 mm. (£ inch) ; 
while in the following 24 hours it moved only 6 mm. Large 
colonies change their place only with reluctance. 

The locomotive power possessed by Cristatclla is not unique 
among Phylactolaemata. Lophopus, the first fresh-water Polyzoon 
of which any. description was published, was originally described 
by Trembley in 1744 under the name of the “ Polype a pannache.” 
Trembley observed the spontaneous division of the colony, 
foUov'ed by the gradual separation from one another of the 
daughter-colonies. 2 The power of dividing spontaneously is also 
possessed by colonies of Cristatella and of Pectinate/ 1 a. 

The colonies of Lophopus are surrounded by an excessively 
hyaline ectocyst, and are usually triangular, as shown by Pig. 
248. When division is about to occur, the base of the triangle 
becomes indented, and the indentation travels towards the apex 
in such a way as to bisect the triangle. The two halves diverge 
from one another during the process, so that before division is 
complete, they are looking, in some cases, in opposite directions. 


1 Rare ami Remarkable A nimals of Scotland, ii. 1848, p. 93. 

2 Trembley, Mem. Hist . . Polypes, 1744 ; iii. Mem. , p. 217. The same processes 
are described by Baker, Employment for the Microscope , new ed. 1785, p. 311. 
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After a time the narrow connection breaks, ami two new colonies 
are formed. 

Fig. 248 shows a colony shortly after division lias taken place. 
The colony had moved forwards, in 
a direction away from its apex, for 
three days in a nearly straight 
line, the distances moved in each 
day being respectively 6, 8^-, 8^ 
mm. These observations, for which 
I am indebted to Mr. Lister, show 
a considerably higher speed than 
in those recorded by Trembley, 
who observed no colony which 
moved more than half an inch 
(1 2*5 mm.) in eight days. 

The genus Pectinatdla also has 
some power of locomotion. This 
magnificent Polyzoon occurs in 
masses several feet in length (as 
much as six feet in P. gdatinom 
from Japan 1 ), and four to eight 
inches in thickness. The greater 
part of P. magni/ica 2 consists of a, 
thick, opaline, and gelatinous ecto- 
cyst, the upper surface of which is 
covered by hundreds of rosette-like 
colonies, which increase in number 
by division. The masses are thus 
aggregations of colonies, which 
secrete a common basal ectocyst. 
autumn ; and the sepiirate rosettes, or groups of them, may thus 
be set free, being found as floating masses, which may again 
attach themselves to a solid object till the time of their death. 
Pectinatdla has not yet been recorded in England, although, con- 
sidering the eaSe with which statoblasts are transported, it is by 
no means improbable that it will eventually be recorded as a 
British genus. It is at present known to inhabit America, 
Japan, and Hamburg. 

It is by no means certain what is the mechanism by which 

1 Oka, J. Coll . Japan, iv. 1891, p. 90. 2 Hyatt, /. cit. p. 99. 



Fin. 2-48. — Lophapus crystal linn# Pall., 
Cambridge, .showing this rate of 
movement. The colony ami the 
distances moved are x 2. 

The latter decays in the 
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movement takes place in the above cases. The ectocyst of Cris- 
ta tell a is confined to the base of the colony, and there forms a 
thin slimy film, which lubricates the surface over which the 
animal moves. It has been stated 1 that progression is produced 
in the following way. The polypides are withdrawn by means 
of retractor muscles, which originate from the septa and inner 
surface of the sole. Tims at each retraction of any polypide, the 
muscle pulls on a portion of the sole. Should the expanded 
polypides place themselves in a suitable position, the movement 
will be in the direction of the resultant of the forces due to the 
separate retractor muscles ; while it is probable that their cilia 
assist in the onward movement. It should be noted that it is 
definitely stated that a colony in which all the polypides are 
retracted can alter its position ,* 2 although even then the retractor 
muscles might still contract to some extent. 

The movement probably depends on several causes. It must 
probably be conceded that the sole itself has some effect on 
this process. Its outer cells are contractile, and have the power 
of raising themselves from the underlying ectocyst. They may 
then again attach themselves, and this new attachment does not 
always take place in exactly the same place as the former one. 
Any movement of the muscles of the sole, or of the retractor 
muscles, will thus shift the skin to a new place . 3 

Protrusion of the Polypide. — While it is perfectly clear 
that retractidn is principally performed by the great retractor 
muscles acting directly on the polypide, it is less easy to explain 
the converse movement. There can, however, be little doubt 
that protrusion is elfected by the pressure of the fluid of the 
body-cavity, caused in large part by contractions of the common 
body-wall. 

Now since, in Cristntella , the body-cavity is a continuous 
space, any pressure on the fluid must act uniformly on all its 
contents. The cause which determines the protrusion of a poly- 
pide is thus to a large extent the relaxation of the sphincter- 
muscle which surrounds its orifice, aided by fecial muscles 
which dilate the orifice. Any polypide which is retracted while 
the pressure of the fluid in the body-cavity is sufficient to keep 
other polypides protruded, must therefore keep either its retractor- 

1 Verworn, Zeitsckr. tciss. Zool. xlvi. 1888, p. 119. * Dalyell, t. eit . p. 94. 

:t Kraepeliii, Abh. Ver. Hamburg, x. 1887, No. 9, p. 141. 
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muscles or its sphincter in a 
state of contraction in order to 
remain in that position. And 
as a matter of fact, Vristatella 
and Lophopus differ from most 
other Polyzoa in the readiness 
with which they expand their 
tentacles, after they have been 
induced to retract themselves by 
mechanical irritation. 

PlumatcUa and other forms 
have a chitinous ectocyst, which, 
however, is sticky when it is 
first formed. By virtue of this 
property, the brandies become 
attached to the leaf on which 
the colony is growing, and may 
have their natural transparency 
obscured by taking up foreign 
bodies. The stiffness of the 
ectocyst naturally involves some 
modification of the process by 
which the polypides are pro- 
truded. In some cases, this is 
effected by the separation of the 
endocyst from the ectocyst in 
the lower parts of the tube. 
The muscles of the body-wall 
can thus press on the fluid of 
the body-cavity without being 
restrained by the inflexible ecto- 
cyst. In other cases, the tube 
of ectocyst is rendered flexible 
by the presence of a thin line 
along one side where the chi tin 
is deficient. 

The upper end of the re- 
tracted tentacle -sheath is con- 
nected with the body -wall by 



're. 249. — Plnmatdla ripens L., I*. Yare, 
x 30. a, Anus ; \ polypide-biul ; c 
caecum of stomach ; r/, duplieuture ; t 
epistoine (see p. 47*>) ; /, funiculus 
«/, ganglion ; w, retractor muscle ; j 
parieto-vaginal muscles ; ph, pharynx 
a, statohlasts attached to/. 


bands known as the parieto-vaginal muscles (Fig. 249, ^)- These 
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serve not only to dilate the orifice when protrusion is commenc- 
ing, but also to prevent the polypide from being forced out too 
far. They are arranged in such a way that a circular fold, the 
duplicature (rf), is never turned inside out, even in the state of 
complete protrusion of the polypide. 

The mechanism of the protrusion of the polypide in the 
(fymnolaemata is in many cases obscure. The body-wall is not 
muscular in this group, in some forms of which, however, short 
strands known as the parietal muscles (Fig. 2 3 4, p) pass across 
the body -cavity from one point to another of the zooecium. 
As doubts have been thrown on the function of these muscles in 
causing protrusion, it will be worth while to refer to the detailed 
and convincing statements of Farre, 1 relating to this point. 

Far re’s observations were made on certain transparent Cteno- 
stomos ( lUmerhankia and Farrell it). He states that the parietal 
muscles “ were distinctly seen to contract whenever the protrusion 
of the animal took place, and to become relaxed again upon its 
retiring into its cell.” Their contraction may indent the outline 
of the eetocyst, or may cause the separation of the endocyst from 
the eetocyst. The endocyst is then drawn into longitudinal lines 
at the origin and insertion of these fibres. It is further suggested 
that some part is played in the process by the muscular walls of 
the alimentary canal, which is a good deal bent in the retracted 
condition. The effort to straighten itself is believed to have 
some share in 'forcing out the polypide. The flexible, membran- 
ous character of the “ aperture” (see p. 524) in Membranipora 
(Fig. 25(3, A) is said by Nitsclie 2 to be an arrangement for the 
protrusion of the polypides ; the parietal muscles passing from 
the lateral walls of the zooecium to the upper membranous wall, 
which is accordingly depressed by their contraction. 

Although it is hardly possible to doubt the accuracy of Far re’s 
observations, which have, moreover, been confirmed by Hincks, it 
is by no means certain that this is the whole explanation in all 
cases. Oka, 8 for instance, states that protrusion of the polypide 
in Phylactolaemata can be effected in a branch whose body- wall 
has been cut open. Pergens 4 believes that the diaphragm (Fig. 

1 Phil. Trans. 1837, p. 396. 

- Zeitschr. wiss. Zool . xxi. 1871, p. 426. 3 J. Coll. Japan, iv. 1891, j>. 113. 

4 Zool. Am. xii. 1889, p. 608. This paper contains references to M. Jullien’s 

‘ writings on the mechanism of protrusion. 
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234, d ) acta as a pump, introducing water from the tentacle- 
sheath into the body-cavity, into which it is said by him to open, 
and so forcing out the polypide. It is probable that many of 
the forms which have a stiff, unyielding ectocyst possess special 
arrangements for introducing water in some way into the space 
bounded by the ectocyst, 1 and so forcing out the polypide. Such, 
for instance, may be the median pore which occurs beneath the. 
orifice in Micropordla (Fig. 241, A, m y>), and in certain other cases. 

Reproduction of Phylactolaemata. — Sexual reproduction 
takes place in CristatcUa from dune to August. The sperma- 
tozoa arc ordinarily produced on the funiculus. The ovaries 
usually occur on the inner side of the common wall of the 
colony, not far below the orifice of a polypide. Kach ovary 
matures a single egg, which develops in a if a, the free larva leav- 
ing the colony by the orifice of one of the degenerated polypides. 

A second method of reproduction takes place by means of 
the statoblasts, which are developed on the funiculus (Fig. 24!)). 
According to Verworn, 2 each statoblast arises from a single cell 
of the funiculus ; and on this view, the. statoblast is, as supposed 
by the earlier observers, a special kind of winter-egg. Accord- 
ing to more recent researches, 3 the funiculus consists of a 
central axis, formed from the ectoderm, and of* an outer sheath 
of mesoderm-cells ; the statoblast is developed from the two kinds 
of cells of which the funiculus is composed, and is consequently 
comparable in its mode of origin to an ordinary bud. Its 
special peculiarities are: its origin as an internal bud, its posses- 
sion of a chitinous shell, and the fact that it is destined to 
leave the parent colony, and to develop, after a period of rest, 
into a new colony. (termination takes place by the forma- 
tion of a polypide-bud inside the statoblast, which finally splits 
along its equator into two halves. The contents emerge as a 
young colony which possesses at least one fully-formed polypide. 

Remarkable structures known as “ hibernacula ” occur in the 
fresh-water Ctenostonies, Paludicella and Vietordln. These bodies 
are in the former (Fig. 250, 11) specially modified external buds, 
which persist through the winter when the rest of the colony 
dies down. At the close of winter the shell splits into two 

[ l See P. Cambridge Hoc. vol. xi. Part 1, 1901.] 

' 2 Zeitschr. wtss. Zool. xlvi. 1888, p. 124. 

3 Kraepolin, Abh. Ver. Hamburg , xii. 1893, No. 2, p. 47 ; Br&em, Bill. Zool. 
(Bel. ii.) Heft 6, 1890, pp. 66 f. 
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halves, exactly as takes place in the statoblasts, ami a young 
colony emerges. It is possible that the statoblasts may have 



Fig. 250. - PahuliceUa ehrcn - 
beryl van Beueden, x about 
3. A, Part of a colony witli 
expanded polypides B, re- 
mains of part of a colony 
which has produced hiber- 
uactila or winfcer-buds ( h ) ; 
£, zoocciuin. (From Krae- 


been evolved from a hibernaculum, 
which was at first produced externally, 
but has become modified in such a way 
as to acquire an internal mode of origin. 1 

The simplest known statohlast is 
that of Fredericdla (Fig. 251, A), which 
differs from that of other Phylactolae- 
mata in having no ring of air-cells. Tn 
Plumatella , the statohlast (Fig. 251, B) 
has a broad equatorial ring of air-cells, 
which enable it to float at the surface of 
the water on the decay of the parent 
tubes. In some species, certain stato- 
blasts which are produced in the adherent 
parts of the colony remain attached to the 
substratum. These “ sessile statoblasts ” 
may have no trace of the ring of air- 
cells; but the fact that many sessile stato- 
blasts have rudiments of this structure 
suggests that they are a secondary modi- 
fication of the floating statohlast. In 
LjOpkojius (Fig. 251, C) the ring of air- 
cells is very broad, and is pointed at each 
end; while in Cristatella (Fig. 251, .])) 
and in Pectinatdla the statohlast is 


circular, and possesses an armature of hooked spines. That of 
Cristatella measures about ‘75 nun. in its greatest length. 

Kraepelin has suggested that the above order of increasing 
complexity of the statoblasts corresponds with the order in 
which the genera to which they respectively belong would be 
placed, on the assumption that the Phylactolaeinata have been 
derived from the Ctenostomata. Thus, in Fredericdla, the form 
of the lophophore is circular, as in the Gymnolaemata. The 
number of the tentacles is comparatively small (20-24). The 
arborescent form of the colony resembles that of many Cteno- 
stomes, and the zooecia are more or less cut off from one another 
by incomplete septa. 


1 Cf. Kraepelin, Abh. Per. Hamburg \ x. 1887, No. 9, pp. 154 f. 
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In IHumatella , the lophophore lun become 
find the tentacles are more numerous (88-GO), 
and in the arrangement of 
the septa this genus resem- 
bles Fredericella, with which 
it may easily be confused. 

In Crist a tell a we have 
the most highly modified 
of all the Phylaetolaemata. 

The individuality of the 
zooecium is here subordi- 
nated to that of the colony 
as a whole. The branched 
arrangement of the zooecia 
is greatly obscured. The, 
body-cavities have become 
completely confluent, al- 
though rudiments of the 
septa still exist. The oeto- 
cyst lu is been lost, with the 
exception of the basal layer 
of the colony. The tentacles are more numerous (80-90) ; and 
in accordance with the increase in the elaboration of the genus, 
its statoblasts belong to the most complicated type known. 

The production of floating statoblasts may seem si strange 
adaptation to the conditions of fresh-water life, since, it might be 
assumed, a priori, that these structures would be specially liable, 
to be frozen during the winter. The following experiments made 
by Braem 1 show, however, that the germinating power of the 
statoblasts is improved by a certain amount of frost. A 
number of statoblasts were taken ; half of these were placed in 
water, which was then frozen ; and these were found to germinate 
readily when afterwards exposed to suitable conditions. The 
other half were not subjected to the action of frost; and these 
could not lie made to germinate, even although the water had 
been cooled to a point slightly above the freezing point. It thus 
appears that the buoyancy, so far from being a risk, is a means of 
exposing the statoblast to the conditions which fire most favour- 
able to its later development. 

1 T. cit. p. 83. 


. -Stutoblusts of IMiyliU’toliiemata. A, 
Fm/rrire/ln sv/tiiuv Slum., x 38 ; B, /V mint- 
te.Hu ripens L., x 38 ; C, Lophopus crystal - 
linns Pall., >■ 28 ; D, CristatrUn invert fa 
< 'uv., x *28. (A. from Allman; B-D, from 

Kr;u*]x*lin. ) 
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Bmem supposes that tlie beneficial action of frost is due 
to a lowering of the vital energy of the statoblast. As in the 
case of reproductive bodies known in many other fresh -water 
organisms, the statoblast germinates only after a period of rest. 
Although this period is often shortened by a lowering of the 
temperature, it can also be induced by the exclusion of air, as in 
an experiment during which the statoblasts were enclosed in air- 
tight tubes. The respiratory processes were thereby lessened, 
and the germinating power was materially improved. 

Since the development of the statoblasts depends largely 
on the temperature, the first warm weather in early spring will 
probably induce the germination of those which are floating; 
and the young colony, leaving the protection of the statoblast, will 
become susceptible to Irost. Hut even if the first-formed colonies 
are killed off by a subsequent frost, other statoblasts which have 
remained in the mud during the winter are disentangled from 
time to time, and germinate on reaching the surface. 

Distribution. — The protective value of the shell is also 
shown by the fact that the statoblast may be kept for some 
months in a dry condition without losing its power of germination. 
There can he little doubt that the capability of withstanding 
desiccation enables the species to enlarge its area of distribution. 
It is asserted that fresh-water Polyzoa decrease in abundance in 
proportion to the distance from the mouth of the river in which 
they are found. The current will naturally tend to bring together 
the statoblasts from the Polyzoa growing in the upper waters. 

Nothing is more surprising than the wide geographical dis- 
tribution of the Phylaetolaemata. The European genera are 
all recorded from North America. FmlcriceUa , JVumatella , and 
LophopttH are further recorded from Australia ; while Plnmatella 
is known to occur also in Malacca, the Philippine Islands, India, 
Japan, Africa, and South America. It is even stated that some of 
the Australian species are identical with those found in Europe. 

Some of the fresh-water Polyzoa are extremely variable, and 
observers are by no means agreed in deciding whether certain 
well-known forms are to he regarded as varieties or as species. 
While certain genera, such as Cristatella and Lophopus are 
comparatively constant in their form, Plnmatella is excessively 
variable. Piumatella has a number of species greater than that of 
any other form, and the genus lias a wider distribution than any 
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other. This greater variation of species of the dominant genus is 
in complete accordance with the general law enunciated by Darwin 
that “ wide-ranging, much diffused, and common species vary most. ’ 

While the ordinary forms of Plumatclla consist of branching 
colonies, which are either completely adherent to their substratum, 
or grow in a more or less erect manner, another habit- which is 
assumed by this genus is so different from the first that it has 
been considered to mark a distinct genus, Aln/ourlla . The Alcyo- 
nelloid form (Fig. 24G, A) consists of closely packed tubes which 
stand more or less at right angles to their substratum, which they 
may cover with a dense mass an inch thick, and with a superficial 
area of several square inches. Hut in spite of this difference, it is 
possible that A.finujom is only a variety of an ordinary nut- 
fella form. Whether this is so or not, a typical 1*1 n nm fella may 
in places take on an Alevonelloid habit: and parts of an Alet/u- 
nclla may become so lax in growth as to resemble a Pin maiella. 

The British genera of fresh -water Polyzoa may be distin- 
guished from one another by means of the following table : 


{ Zooecia. perfectly distinct from one another. Luphnphuiv circular. 
I Statoblasts absent . . . - 

1. ! Colony formed of branching tubes composed of continent zooecia 3 
I Colony gelatinous, not obviously formed of branching tubes, 
t Lopbopliore horse-shoe, shaped . . . 4 


Colony consisting of a stolon from which new zooecia originate. These 
may give rise to new stolons, or directly to new zooecia Picfoirlla 
Branches composed entirely of club-shaped zooecia, each of which mav 
give off two zooecia near its upper end Pafmh'rdht (Fig. 250) 


3. 


Tubes hyaline or opaque, usually containing numerous oval stato- 
blasts (Fig. 251, B), most of which have a ring of air-cells. 
Lopbopliore horse-shoe shaped. 

(a) Tubes divergent . PhanatrUa (Fig. 210, P»; 

(b) Tubes parallel with one another Alvijune.Ua form of 

/Viawf/db (Fig. 240, Aj 
Tubes cylindrical, usually dark brown. Statoblasts (Fig. 251, A) few, 
without air-cells. Lopbopliore circular . . i'redtricclhi 


’ Colony hyaline, usually divided into three or four short lobes. 
Ectocyst thick. Statoblasts (Fig. 251, C; pointed at each end, with 
a broad ring of air-cells . . . Luphopm (Fig. 248; 

Colony slug-shaped, crawling 011 a flattened sole. Ectocyst rudi- 
4.- inentary. Statoblasts (Fig. 251, 1)) circular, with marginal books. 

iJrixtalellu (Fig. 247) 

Colonies consisting of small rosettes, many of which are attached to 
a thick basal layer of hyaline ectocyst. Statoblasts circular, with 
. marginal hooks. (Not recorded as British) . PrrUnntdla 
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Reproductive Processes of Polyzoa in general. 

In studying the reproductive processes of Polyzoa, we have 
to deal with two very distinct phenomena ; firstly, with the 
development of eggs ; and secondly, with the formation of buds. 

The process of budding usually does no more than increase 
the number of individuals in a colony which already exists, and 
is seldom responsible for the commencement of a new colony. 
In Loxo&oma , however, the buds break off and lead an independent 
existence ; and in the Phylactolaemata a large proportion of the 
colonies have their origin in the statoblasts. T 11 certain cases, 
again, new colonies may be formed by the detachment of parts of 
an old one, as by the fission of Cristatella and Lophojms , or by 
the breaking up of a richly-branched species into several colonies 
by the decay of the proximal parts. 

We may then in the majority of cases look to an embryo for 
the foundation of a new colony. The embryo develops into a larva, 
which, after a period in which it swims freely, settles down, and 
is metamorphosed into the first zooeciuin. This primary individual 
forms the starting-point of a colony, and often differs to a con- 
siderable extent from the other zooecia which arise from it. 
In Cyclostomata, for instance, the proximal end of the primary 
zooeciuin permanently retains the disc-like shape assumed by 
the young larva when it first fixed itself. The primary zooeciuin 
may be recognised with equal ease in many Cheilostomata, and 
may differ from its successors by possessing a richer development 
of marginal spines, or in other respects. 

Reproductive Organs. — Eggs and spermatozoa are commonly 
found in the same colony, either in different individuals, or else 
in the same zooecium (see Fig. 234, p. 469). I 11 some eases, 

the zooecium first develops spermatozoa, and later eggs. The 
Entoprocta have a more marked separation of the sexes than 
obtains in other Polyzoa. The genus Loxosoma is perhaps always 
dioecious (/>. with separate sexes). Pedicellina is sometimes found 
with ovaries and testes in the same individual, sometimes with 
these organs in different individuals ; and it is not clear whether 
a given species always behaves alike in these respects. 

The reproductive organs of the Entoprocta open by ducts of 
their own into the vestibule. In the Ectoprocta they are 
developed in the body-cavity, and they have no ducts. 
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Tlie fate of the ripe? egg differs widely in different eases. In 
the Entoprocta it develops in a kind of brood-pouch formed from 
part of the vestibule. The fact that in Pedicel! ina ( Fig. 2411) the 
embryos grow largely during their development, shows that, 
nutritive material must be supplied to them from tlie parent. 
There is reason to believe that the’ epithelium of the hrood-poueh 
is responsible for this process. The eggs are also known to 
develop at the expense of nutritive substances prepared by tlie 
parent in the ovicells of the ( •yelostomata. In other cases, as in 
some species of Alcjjonidi ttm, the egg is large, and its copious 
yolk doubtless supplies a large part of the material required for 
development. 

In the Kctoprocta, development takes place in a variety of 
places. In most Chcilostomata a single egg passes into the 
globular ovieell, which is formed above the orifice of many of 
tlie zooeeia. In certain Ctenostomata, 1 2 IMiylaotolaemata/* and 
('yelostomata, 3 the ripe egg is taken up by a rudimentary poly- 
pide-bud, which is specially formed for the purpose. In the 
Ctenostomata and in the fresh -water Polyzoa these buds, if 
present, are found in ordinary zooeeia which do not become 
modified externally in any special way. In the. ('yelostomata 
(Crisi(t), on the contrary, the formation of the polypide-bud 
is intimately bound up with the development of the ovieell. 
The number of the zooeeia which produce eggs that are. capable 
of development is greatly restricted in this group. The. ovieell, 
which contains numerous embryos, is not merely a portion of 
a zooecium, as in the Chcilostomata ; hut it is probably to he 
regarded as a modification of the entire fertile zooecium or 
zooeeia. These take on an appearance widely differing from that 
of the ordinary zooeeia, and in course of time give rise to the 
ovicells (see Fig. 2 3 7 ). 

In all these cases the egg develops inside the jjarent, and it. 
was hardly known, before the publication of the interesting 
researches of M. Prouho, 4 that some of the Polyzoa lay eggs 
which develop externally. In these cases a considerable number 
of eggs are produced simultaneously by a single zooecium. 

1 Joliet, Arch . Zool. Exp. vi. 1877, I'. 262. 

2 Kraepelin, Abh. Ver. Ifambvnj , xii. 1893, No. 2, p. 22. 

8 Harmer, Quart. J. Micr . Sci. xxxiv. 1893, p. 211. 

4 Arch. Zoo/. Exp. 2 Her. x. 1892, p. 557. 
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M. Prouho further throws light on a much contested subject ; 
namely, the nature of the .so-called “ intertentacular organ ” 
(/, Fig. 234, p. 409), described so long ago as 1837 by Farre, 1 
but looked for in vain by the majority of later observers. 

The failure to find this organ, even in species which possess 
it, in certain individuals , according to Farre’s statements, is now 
satisfactorily explained by M. Prouho, who shows that while it 
is absent in a large number of polypides, it is normally present 
in those individuals which possess an ovary, and in those only ; 
and that its primary function is that of an oviduct. 

The intertentacular organ is an unpaired ciliated tube, which 
is situated between the two tentacles which are nearest to the 
ganglion. In the retracted condition of the polypide, it opens 
from the body-cavity into the tentacle-sheath ; and in the 
expanded condition, directly to the exterior. 

Iii the remarkable case of Alcyonidium duplex , each zooeeium 
normally possesses two sexual polypides. The first of these 
produces a testis and then becomes a “ brown body.” The 
second is meanwhile developed, and produces an ovary and an 
intertentacular organ, a structure which was not present in the 
male polypide. The eggs pass through the intertentacular organ 
into the tentacle-sheath, and attach themselves to the diaphragm 
( d , Fig. 234), where they remain during their development. 

Although the intertentacular organ lias been found by Prouho 
in female polypides only, it would perhaps be going too far to 
assert that it is confined to polypides of that sex. Hineks 2 
has observed the passage of spermatozoa in enormous numbers 
through the organ, although it may be noted that there is no 
sufficient proof that eggs were not present as well in these 
zooecia. It further appears that in some cases waste matters 
may be removed from the body-cavity through the same passage. 

It may be presumed that the egg is normally fertilised by a 
spermatozoon, although this is at present largely a matter of 
inference. It is believed by Joliet 3 that fertilisation is reciprocal, 
although Prouho has come to the opposite conclusion. Joliet 
has, however, very justly pointed out that the enormous number 
of spermatozoa developed by a single individual would be dispro- 
portionately large, if their function were merely to fertilise the 

1 Phil. Tram . 1837, ]>. 408. 2 Brit. Marine Polyzoa ■, Introduction, ]»}•. lxxxvi, xc. 

3 Arch. Zool. Exp. vi. 1877, ]>. 261. 
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ovum in the same zooecium. According to his view, the egg is 
fertilised by a spermatozoon after it has pissed into the tentacle- 
sheath or ovicell, or some other place where it is in free com- 
munication with the outside water. 

Development and Affinities. — Few parts of the history of 
the Polyzoa are more fascinating than that which deals with 
their development ; and it is probable that no other is capable 


kj. 252. — 1 Magnums of larvae. A, 
/joxtjsionay x 208 ; //, amis ; h, 
brain, with left eye and ciliated 
pit ; c, ciliated ring ; **/>, cpi- 
stome ; ///, mouth ; o, oeso- 

phagus ; st, stomach ; .#■, aboral 
adhesive organ : B, Vpphu- 
tt antes larva of Membra a ijtora 
( El crlnt) pilomt, x about HO ; 
a, m, o, st as in A ; r, anterior 
part, and r\ posterior part of 
the ciliated ling ; #\ epidermis ; 
ms, adductor muscle of shells ; 
p , pyriform organ, of unknown 
function ; sk, shell ; v, vesti- 
bule ; the “ internal sac M or 
sucker, l>y which lixatiou is 
effected, is seen between a and 
ms. (B, after Prouho.) 


Of giving so much insight into the affinities of the several groups 
to one another and to other groups of the animal kingdom. 

The comparative study of the larvae of the Polyzoa may he 
said to date from 1877, when J. Barrois published an elaborate 
Monograph 1 on this subject. Although some of Barrois’ earlier 
opinions have been subsequently modified, this work still gives 
the best figures of the external form of the beautiful larvae of 
many genera. A detailed account of the larval forms of Polyzoa. 
must be omitted from want of space : and the general conclusions 
only can be given. 

1 Mecher cites snv V Ktutbryoloyie tics Uryozoau'cs, Ito Lille, 1877. 
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The larvae of the Entoproeta (Fig. 252, A) resemble the 
so-called “ Trochosphere ” of Folychaeta (see p. 274). ’The 
common characters shared by the larvae of Chaetopoda, Ecliiuroid 
(J-ephyrea, Mollusca, and Polyzoa, and by adult Kotifera, may 
well point to the derivation of these groups from a common 
ancestor. On this assumption, it is possible that the Polyzoa 
have been derived from forms which existed long ages ago, which 
combined the common characters of these groups, and the structure 
of which we can picture to ourselves only so far as the “Troclio- 
sphere ” larva can be taken to represent it in a much simplified 
condition. Such a view harmonises well with the great antiquity 
of the Polyzoa. Certain Ectoproct forms have a larva, known as 
Cyphonmites (Fig. 252, B), which closely resembles the larval form 
of the Entoproeta; and it is a fact which probably lias consider- 
able significance that this type of larva is known to occur only 
in those species of Membra nipora (.Elec tea), Airy (midi am , and 
Hypophorella, which lay eggs. 1 This may perhaps be regarded 
as a primitive form of development which has been lost in 
species in which development takes place inside the parent. 
Cyphonautes compress us (Fig. 252, B), one of the commonest 
objects taken in the surface-net olF our own coasts, is the larva 
of Mevihranipora (Electra) pilosa. Whilst this larva is provided 
with a well-developed alimentary canal, those of most other Ecto- 
procta possess a mere rudiment of this structure, and depend for 
their nutrition either on yolk present in the egg or on material 
supplied by the parent. I 11 most cases the mature larva has no 
recognisable trace of a digestive system ; and, although it lias 
a free-swimming period, it does not become truly pelagic. 

The alimentary canal of the larva of Pedicellina is known to 
persist in the primary individual of the colony. I 11 all other 
known cases, even in that of Cyphonautes , the larva at fixation 
loses practically all its internal organs, and becomes a mere body- 
wall containing a mass of degenerated larval tissues. It is in fact 
a zooecium containing a “ brown body.” A polypide-bud is now 
developed, the body-cavity appears as the result of the shrinkage 
of the “ brown body,” and the primary individual of the colony 
is thereby established. 

The larvae of the Ectoprocta form a tolerably complete series, 
starting from Cyphonmites, itself allied to the larva of the 

1 Prouho, loc. cit. 
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Kntoprocta, and ending with the Phylactolaemata. Aicyoni - 
dium (Fig. 253, H) possesses a rudimentary alimentary canal, 1 2 
although the most conspicuous structures are those connected 
with the fixation and other phenomena of larval life. The 
larvae of many of the encrusting Oheilostomes (Fig. 253, A) 
resemble that of Alcyonidium , while those of Bvgultt, Svrupocel- 
laria , etc., belong to a type easily derivable from that of the 
encrusting forms. The branching Cteuostomes (JJo-ice rhankiu , 



Vr;. 2 53. — A, Aboral view 
nf free larva of Leprafin 
J'oliacca Mil. am l Sol. ; 
a> Ion" cilia of pyriform 
organ ; 7 , aboral groove : 
B, longitudinal section 
of embryo of Afrytmi- 
r filial , a 135 ; r, ciliated 
ring ; #/, aboral groove ; 
///, mouth : //, nervous 
system ; “ pyriform 

organ," of unknown 
function ; .v, “ internal 
sac" or “sucker," by 
which fixation is ef- 
fected ; *7, .stomach. 


etc.) have a larva which may he regarded as derived, along 
slightly different lines, from that of Alnjonidiu m. The (Jycln- 
stomata and the Phylactolaemata have the most modified forms 
of larva. That of the former group may owe some of its 
peculiarities to the occurrence of a remarkable process of embry- 
onic fission, which takes place in the oviccll, and as the result of 
which each egg gives rise to a large number of larvae. 1 ' The 
Phylactolaemata have « r i larva which is not unlike that of 
Bowerbankia. 

We have seen that the larva at fixation becomes a zooecium, 


1 Arch. Zool. Exp. 2 scr. v. 1887, p. 446. 

2 Quart. J. Mier. Sci. xxxiv. 1893, p. 199 ; xxxix. part i. 1896, p. 71. 
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which in the Gymnolaemata forms a polypide-bud after fixation. 
The peculiarities of the Phylactolaematous larva may be explained 
by assuming that it becomes a zooecium while it is still free- 
swimming. Thus the larva of Plumatella develops one or some- 
times two polypides, which actually reach maturity before fixation 
takes place. That of Cristatella develops from two to twenty 1 * 
polypides or i)olypide-buds at the corresponding period, and it is 
in fact a young colony while still free-swimming. 

Now in most colonial animals, such as Coelenterates and 
Ascidians, the larva metamorphoses itself into a temporarily 
solitary animal, which then gives rise to the remainder of the 
colony by budding. The majority of the Gymnolaemata behave 
in this way ; while the Phylactolaemata may not only develop a 
multiplicity of polypides in their larval stage, but the individu- 
ality of the zooecia is then just as much obscured as in the adult 
state. These facts are more easily explained if we assume that 
Cristatella is the end-point in a series than if we suppose it to 
be a starting-point. 

On the view maintained by many authorities, that the 
Polyzoa are related, through Fhoronis, with the Gephyrea and 
the Brachiopoda, we should expect to find in those Polyzoa 
which most closely resemble Fhoronis in their adult state — that 
is to say in the Pliylactolaemata — some indications of affinity to 
that animal in their development. This is emphatically not the 
cast*. The hypothesis that the Pliylactolaemata are related to 
Fhoronis leads, moreover, to the improbable conclusion that the 
similarities between the Entoproct-larva and Cyjihonautes , on the 
one hand, and the Troehosplierc larva of Polycliaeta, on the 
other hand, is entirely superficial and meaningless. In spite, 
therefore, of the similarity between Fhoronis and a single 
individual of the Phylactolaemata, and in spite of the marked 
resemblance between its nephridia and structures which have 
been described in Cristatella 2 and Pectinatella , 3 the comparative 
study of the development appears to indicate that the resem- 
blances between Fhoronis and the Phylactolaemata are the result 
of a coincidence rather than of any close relationship. 

A few points connected with the metamorphosis of* the 

1 Jul lien, M&m. Soc. Zool. France, iii. 1890, p. 381. 

- Cori, Zeitschr . unns. Zool. lv. 1893, p. 626. 

* Oka, J. Coll. Japan , iv. 1891, p. 109 ; viii. 1895, p. 339. 
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Polyzoa deserve more special notice. There is generally great 
difficulty in persuading larvae to fix themselves when kept in a 
small quantity of water, which becomes over-heated in the air of 
a laboratory. The difficulty may be surmounted by placing 
colonies containing embryos, together with some clean pieces of 
the seaweed on which the adults are habitually found, in a vessel 
closed by a piece of fine muslin, and by leaving the vessel 
attached to a buoy or in a deep tide-pool. The larvae being 
without an alimentary canal, fix themselves, after a very short 
free life, on the seaweed. 

It is probable that a great struggle for existence normally 
takes place at the commencement of the metamorphosis. Any 
one who will examine, in June or July, rocks covered by Fucus on 
which Flmtrclhi hispuht is growing, will probably find numerous 
young fronds of Fuv-w s*, from half an inch to an inch or two 
in length, growing under the shelter of the .older fronds. The 
bivalve larvae of Flustrella show a marked preference for fixing 
on these young fronds — perhaps in order that the duration of 
life of the colony may coincide with that of the Fhvuh — and 
these young fronds are commonly covered by very numerous 
recently-fixed larvae, and by young colonies of various ages. Or, 
it is easy to observe, by placing pregnant colonies of Bovurrbavl'ut 
in a vessel of water, that the larvae, which are hatched out in 
thousands, fix themselves in dense masses on certain parts of the 
wall of the vessel. It is clear that but a small proportion of 
these larvae will find room for further development. 

Next with regard to the mode of fixation. Attachment 
always takes place by the surface on which the mouth or its 
rudiment is situated, and the permanent alimentary canal opens 
on the opposite surface. I11 Fedivellina , the one case in which 
the larval digestive organs are known to become those of the first 
adult individual, this presupposes a rotation of the alimentary 
canal, in order to bring it into its new position. 

It is well known that the larvae of other fixed animals may 
undergo a somewhat similar change. Thus those of Ascidians 
and of Barnacles fix themselves by their anterior end, and ulti- 
mately reach their adult form by performing a kind of a somer- 
sault. The process may perhaps be explained by supposing that 
some part of the anterior end or of the oral surface is specially 
sensitive, and that the larva fixes itself by that portion of its 

VOL. 11 2 L 
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body which is best fitted for ascertaining which is the proper 
substance on which to fix. 

Budding. — The formation of a new individual may take 
place by the outgrowth of part of the body-wall, as in Pedieellina 
(Fig. 243, p. 487) and in Bowerhankia (Fig. 238, p. 480). 
In PedicelHna a young stalk is formed by an outgrowth near 
one of the growing points, and the upper part of this outgrowth 
becomes constricted off to form the calyx. Tn other cases (cf. 
the growing ends of the branches in Fig. 237) a partition 
grows across the body-cavity at the growing edge of the colony, 
and so cuts off a part destined to become a new zooeeium. 

The zooeeium formed in one of these ways acquires an 
alimentary canal by the formation of a polypide-bud, some 
stages in the growth of which are shown in Fig. 235 (p. 472). 
Contrary to what happens in Coelenterates and Tunicates, in 
which the endoderm takes part in the budding, there is good 
reason for believing that in Polyzoa the polypide-bud is developed 
entirely from ectoderm and mesoderm. 1 The bud is a two- 
layered vesicle, attached to the inner side of the body-wall. Its 
inner layer is derived from the ectoderm, which at first* projects 
into the body-cavity in the form of a solid knob surrounded by 
mesoderm-cells. A cavity appears in the inner, ectodermic mass, 
and the upper part of the vesicle so developed becomes exces- 
sively thin, forming the tentacle-sheath, which is always de- 
veloped in the condition of retraction. The lower part becomes 
thicker ; its inner layer gives rise to the lining of the alimentary 
canal, to the nervous system, and to the outer epithelium of the 
tentacles, which grow out into the tentacle-sheath (cf. Fig. 235). 
The outer layer gives rise to the mesodermic structures, such 
as the muscles, connective tissue, and generative organs. 

These processes are fundamentally similar, whether in the 
metamorphosed larva, in a young zooeeium, in an old zooeeium 
after the formation of a “ brown body,” or in the germinating 
statoblast of the Phylactolaemata. 

1 Cf. Seeligor, Zcitschr. wiss . Zool. xlix. 1890, p. 168 ; and 1. 1890, p. 560. 
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ACTE11S TERMINOLOGY KEY FOR THE DETERMINATION OF 

THE GENERA OF BRITISH MARINE ROLYZOA 

Our Recount of the Polygon would he manifestly incomplete 
without some reference to the systematic arrangement of these 
animals. An outline of the principal groups lias been given on 
p. 475. So far, the classification is easy, but it is otherwise when 
we attempt to subdivide most of the groups any further. 

Systems of classification which depend exclusively upon the 
external characters of animals have been repeatedly shown to lie 
unsatisfactory. Now with regard to the Polygon, not only is it 
the case that the great majority of forms are only known in their 
external characteristics, hut current systems of classification 
cannot he regarded as final, because it is not yet certain which of 
the external features have most systematic value. Two obvious 
points can be at once selected — namely, the character of the, 
zooecium and the character of the entire colony. One or two 
instances will serve to show what different results are obtained 
by depending exclusively on either of these characters by itself. 

According to the older writers, the habit of the colony was 
taken as the most important generic character; and there can 
indeed be no doubt that this feature has great importance within 
certain limits. Any one who has examined different species of 
such genera as Flustra , Cell-aria , Bugula , Jietepora, etc., must feel 
that the form of the colony goes for a good deal. But a con- 
sideration of other cases shows that there is great risk in the 
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indiscriminate use of this method of arranging the Poly zoa. The old 
genus Eschar a, composed of forms with an erect coral-like habit , 1 
included species which are now placed in such different genera as 
Lepralia , Porella , Microporetta , etc. The older works on Polyzoa 
include all encrusting forms of Cheilostomata, with a completely 
calcareous front wall, in the genus Lepralia, the members of which 
are now distributed in numerous widely separated genera. 

As an instance of the converse arrangement — essential simi- 
larity of the zooecia with great differences of the general habit — 
may- be mentioned the common Membranipora (Electro) pilosar 
Ordinarily growing in the form of close encrustations on seaweeds, 
this species may take on entirely different habits of growth. The 
zooecia are now dissociated, growing in single lines over the sub- 
stratum ; now forming erect tufts, composed of single lines of 
zooecia or of several rows. The erect, branching habit appears 
to be induced in the first instance by the character of the sea- 
weed on which the colony begins life. Thus colonies which 
encrust the thin branches of Corallina may have impressed on 
them something of the mode of growth of the seaweed, so that 
when . they extend beyond the tips of the branches of the 
Corallina, they continue to grow in delicate branches, which 
still retain more or less the same diameter as those which 
form their base. An extreme variation results in the beautiful 
form known as Electra verlicillata, in which the zooecia are arranged 
with great 'regularity in whorls, which together form erect 
branches . 3 But with all these variations, the zooecia are so much 
alike that it is hardly possible to regard the extreme forms 
as more than varieties of a single species. A careful examina- 
tion of this case would convince most observers that the char- 
acters of the zooecium are a more trustworthy guide to classifica- 
tion than those of the entire colony, a result which was first 
clearly stated by Smitt, and amply confirmed by Hincks . 4 

The avicularia of the Cheilostomata afford useful help in 
classifying this group ; but while certain genera are always pro- 
vided with avicularia, others include some species with these 
organs, and other species without them. Again, while the species 

4 

1 Cf. Milne-Ed wards (H.), Ann. Sci. Nat. 2 ser. vi. 1836, pp. 5, 321. 

- See Norman, Atm. Nat. Hint. ser. 6, xiii. 1894, p. 114. 

3 See Holdsworth, P. Zool. Soc. pt. xxvi. 1858, p. 306. 

4 Brit. Mar. Polyzoa , Introduction, p. exxii. 
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of some genera (e.g. CeJlepora ) possess a great variety of forms 
of avicularia, the same pattern of avicularinm may characterise 
several widely different genera. Further, the jwsition of the avi- 
cularium may l>e very di liferent in species which are apparently 
closely related. Well-developed vibracula, although constant in 
their occurrence in such forms as Rcrupoccllaria (Fig. 254) and 
Oaberea (Fig. 242), occur here and there in species of encrusting 
forms which are ordinarily placed in very different families. 

Now although some of these discrepancies are perhaps due to 
errors in classification, whereby species which are really allied have 



Fio. *254. — A, Front view, ami 
B, bark view of part of 
a branch of tScrnpocr/fnria 
smhra, Van Ben., Durham 
Coast, x 43 ; rt, lateral 
aviculariuni ; a', smaller 
median avicularinm ; ap , 
membranous aperture ; ,/j 
fornix ; /', rootlet ; s % seta 
of vibraciiliim ; v.z, vibra- 
cular zoueuiuni. 


been wrongly placed in distinct genera, tliis explanation would not 
prove satisfactory in all cases. Thus in JJugula, a genus which is 
specially characterised by the high development of its avicularia, 
these organs are normally absent in B. ncritiua. The fact that 
this species was rightly placed in the genus lias been con firmed 
by the discovery made by Waters 1 that avicularia occur in speci- 
mens which are believed to be identical witli that species. 

1. The Cyclostomata appear to fall naturally into two main 
groups, (A) the Akticulata, including the Crisiidao (Fig. 237), 
distinguished by their erect branches, divided at intervals by 
chitinous joints : and (B) the In akticulata, which include the 
remaining families, whether erect or encrusting, agreeing in the 
negative character of being unjointed. 

1 Ann. Nat . Hist. ser. 5, xx. 1887, p. 91. 



POLYZOA 


CHAIV 


518 


2. The Cheilostomata consist of (A) the Ckllulakika, including 
the flexible, erect forms, such as Bugula (Fig- 233) and Scrupo - 
cellaria (Fig. 254) ; (B) the Fmjstrina, to which belong Flustra 
(Fig. 232), Membranipora (Fig. 256, A, B), Micropora (Fig. 
256, C), and other forms in which the front wall of the zooecium 
is either membranous, or depressed and marked off by a ridge- 
like margin ; (C) the Eschakina, including the great majority of 
forms, in which no part of the front wall remains membranous, 
the wall of the zooecium being wholly calcified. 

3. The Ctenostomata comprise (A) the Alcyonellea or en- 
crusting forms; and (B) the Vestculaiuna or branching forms. 
The zooecia in the latter subdivision (Fig. 238) are given off from 
a tubular stem or stolon, which is usually erect and branching. 

We thus have the following arrangement of recent forms. 
The genera mentioned are for the most part those which have 
already been alluded to in the preceding account : — 

Sub-class I. Entoprocta. 

Loxosoma , Pedicellina , IJrnatella. 

Sub-class II. Ectoprocta. 

Order 1. Gymnolaemata. 

Sub-order 1. Cyclostomata. 

A. Articulata. Crisia. 

B. Inart iculata. Hornera , Idmonea , Tubulipora, Stomato - 

pom, I.Hastopora, Entalojihora, Lichmopora, 

Sub-order 2. Cheilostomata. 

A Ccllularina. Aetea , Eucratea, 1 Cat micella , Cellularia , 
Gemellaria , Menipea , Scrupocellaria , Caber ea, Notamia 
( = Epistomia\ Bicellaria , Bugula , Beania . 

B. Flustrina. Cellaria , Flustra , Membranipora , Electra y 

Lunulitesy Membraniporella, Cribrilina y Micropora , 
Selenaria . 

C. Escliarina. Retepora , Microporella , Lepralia , Porella 9 

Smittia , Mucronella , Schizoporella , Schizotheca , Mastu 
gophora , Porina, Cellepora . 

Sub-order 3. Ctenostomata. 

A Alcyonellea. Alcyonidium y Flustrella. 

B. Yesicularina. Vedcnlaria , Amathia , Bowerbankia , 

Farrella , Hypopkorella t Triticella, Mimosella, Victor - 
ella t Paludicella. 

Order 2. Phylactolaemata. 

Fredericella y Plnmatella (including Alcyonella), Lophopus, Criita- 
tella 9 Pectinatella . 

— . — » 

1 Actca, Eucratea , and certain other forms were separated off by Mr. Basic as a 
distinct division, the Stolonata. 
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Even this classification, which deals only with the larger 
groups, must not be made use of. without a word of warning. 
The division of the Cheilostomata is a matter of great difficulty ; 
and no scheme which lias yet been suggested can be regarded as 
more than tentative. The great number of forma included in 
this group makes its subdivision extremely desirable from the 
point of view of convenience ; but a further knowledge of the 
anatomy and of the development of many of the forms of doubtful 
systematic position is probably necessary before any scheme which 
is likely to be permanent is put forward. Those who desire to 
make a further study of the classification of the Polyzoa should 
refer to the works of Hincks, 1 Busk, 2 MacGillivray, 3 and Gregory. 4 

The Polyzoa do not appear to lend any valuable assistance to- 
wards settling the disputed problems of Geographical Distribution. 
They are not in any case terrestrial, while the fresh-water species 
do not always respect the limits between the great zoogeographical 
regions. It has already been pointed out (p. 504) that Plumatella, 
Fmlericclla, and Lophopus are believed to occur in Australia, and 
the first-named genus is practically world-wide in its distribution. 

Many marine forms also have a surprisingly wide distribu- 
tion. Thus among the British species which are described by 
Mr. Hincks as occurring from Norway to New Zealand are 
Memlmtnipora pi Ilona, ticrupoceltaria scruposa , CeJlaria Jistulosa, 
Mieroporella ciliata, and M. malnsii. Even if it should be 
proved that specific differences do exist between the southern 
forms and our own, there can be no doubt of the wide distribu- 
tion of certain species. It* was pointed out by D’Orbigny that 
Btujula ncritimi has the habit of attaching itself to the bottoms 
of ships, a fact which may possibly account for the wide distri- 
bution of this species ; although it would not be safe to assume 
this explanation of the facts in all cases. Other Polyzoa, on the 
contrary, have a more restricted range. Thus Catenicella is 
specially characteristic of the Australian region. 

It is perhaps surprising that marine Polyzoa should in so 
many cases have so wide a range. Even though it is the rule 

1 Most of the writings of this author are referred to on pp. 277, 278 of Miss 
Jelly’s Synonymic Catalogue , referred to on p. 523. 

2 Catalogue of Marine Polyzoa in the Collection of the British Museum , parts i.-iii. 
*1852-1875 ; /rnd Challenger Reports, Parts 80 (1884) and 50 (1886). 

3 Trans, and Proc. B. Soc. Victoria, xxiii. 1887, p. 187, and TV. R. Soc. Victoria, 

iv. 1895, p. 1. * Tr. Bool. Soc . xiii. 1895, p. 228. 
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for Polyzoa to have free larvae, the period during which these 
larvae are free-swimming is, so far as is known, a short one ia 
most cases. Cyphonautes is a common pelagic form (see p. 
510), and probably remains for a considerable period in the 
larval condition. Other Polyzoon-larvae appeal* to fix themselves 
very soon alter their birth ; and this would not appear to give 
much time for them to be carried to great distances by ocean- 
currents. It may, however, be suggested that it does not follow 
that because we know that a larva may, under favourable con- 
ditions fix itself a few minutes after it becomes free, we should 
be justified in assuming that that larva would not retain for a 
long period the power of undergoing a normal metamorphosis 
should it be drifted away from suitable fixing-grounds. 

Palaeontology . 1 — The number of fossil Polyzoa is enormous. 
D’Orbigny devoted two hundred plates and more than a thousand 
octavo pages 2 to a Monograph on the Cretaceous Polyzoa of 
France. Many of the fossil forms are extraordinarily well pre- 
served, and there is often no difficulty in recognising the identity 
between certain fossil species belonging to the more recent forma- 
tions and living forms. It thus becomes necessary to consult 
Palaeontological memoirs in working at recent Polyzoa. 

While the great majority of fossil Polyzoa do not differ in 
any essential particular from recent species, this is not altogether 
the case with the Palaeozoic forms. Leaving out of account the 
Stromatoporoids, which have been variously referred to the 
Sponges, Hydrozoa, and Foraminifera, as well as to the Polyzoa, 
the Palaeozoic strata contain large numbers of peculiar Cyclo- 
stomata, together with members of the Trepostomata, a fourth 
Sub-order of Gymnolaemata, allied to the Cyclostomata. The 
Trepostomata are for the most part Palaeozoic, but a few survived 
as late as the Jurassic period. 3 These, with the other Polyzoa 
from the same formations, are considered by Dr. Gregory in his 
recently published Catalogue of the Fossil Bryozoa in the British 
Museum (1896). 

The number of Polyzoa recorded from the earlier secondary 
strata is small. The majority of the known Jurassic forms 

1 Zittcl, Text Book of Palaeontology (Eng. Trans.), 1900, p. 257 (Bryozoaf by 
E. O. Ulrich). 

3 Paltontologic Franqaise. Terrains Or4tac4s i tome v., Bryozoaires, 8vo. Paris, 
1850-1851. This great work refers, however, to recent as well as to fossil species. 

3 Heteropora , of which recent species exist, is placed by Dr. Gregory in the 
Trepostomata. 
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belong to the Cyclostomata; and one or two Cheilostomes are 
recorded from the same period. Recent papers by Walford 1 
on Jurassic Polyzoa contain the description of genera which 
are believed to be intermediate between the Cyclostomata and 
Cheiloatomata, particularly with regard to the characters of 
their ovicells. Although it is not impossible there may be a 
connection between the ovicells of these two groups, it has yet to 
be proved that the two sets of structures are homologous. 

The Cretaceous period marks the commencement of a large 
number of Cheilostome genera, although the Cyclostomes still 
remain numerous. 

In the Tertiary formations the Cyclostomes gradually become 
less numerous, and although in earlier geological periods they 
far outnumbered the Cheilostomes, these relations are now 
reversed. Certain Tertiary strata, and particularly the Coralline 
Crag (Pliocene), are remarkable for the extremely large number 
of Polyzoa they contain. It will be noticed that no mention 
has been made of the Entoprocta, the Ctenostomata, and the 
Phylactolaemata. Their absence in the fossil condition 2 need not, 
however, be a matter for surprise, as none of these forms are so 
well suited for being fossilised as are the calcareous Cyelostomata 
and Cheilostomata. There is consequently no adequate reason 
for assuming that the absence of a palaeontological record implies 
that these groups have been recently evolved. 

Determination of Genera of Marine Polyzoa. — The species 
to which a Polyzoon belongs can only 1x3 determined, in most cases, 
with the assistance of the low powers of a microscope. There are 
very great advantages in the use of a binocular instrument, by 
means of which a microscopic preparation appears with its parts 
■standing up in proper relief. 

In the case of the calcareous forms, the external characters 
may be more readily made out in a dry preparation than in any 
other way. For this purpose, the colony should be washed with 
fresh water, in order to remove the salts, which otherwise crystal- 
lise out on drying and obscure the surface. Preparations of this 
kind must be looked at with the aid of reflected light. Canada- 
balsam or glycerine preparations are also valuable, whether 

1 Quart. J. Geol. Sac. 1. 1894, pp. 72, 79. 

2 See, however, Vine, Ann. Nat. Hist. ser. 5. xiv. 1884, pp. 87, 88, and P. 
Yorksh. Geol. Soe. xii. 1891, p. 74, for possible Palaeozoic Ctenostomes (Ascodictyon, 
Hhopalonaria , and Vinella). 
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stained or unstained ; and are essential tor the examination of 
the softer forms. In the case of erect species, both surfaces of 
the branch should be looked at. The opercula, avicularia, and 
rosette- plates afford important systematic characters in the case 
of the Cheilostoniata. 

It must not be forgotten to take account of the condition of 
the zooeeia at different ages. The old zooeeia often become 
entirely altered in form, by the deposition of additional calcareous 
matter, or by the loss of certain parts present in the younger 
zooeeia. Thus the marginal spines may be entirely lost in the 



Fig. 255. — Illustrating tlie nature of a secondary orifice (Cheilostomata). A, Mucro- 
nella cocci oea Abildg., Scilly Is., x 40. The ovicell (o) overhangs the primary 
orifice, which is concealed by the great development of the peristome, pro- 
duced into the mucro (mu) ; t, the three teeth (denticles) within the secondary 
orifice ; r/, avicutariuni. B, Porella compressa Sowb., Norway, x 40 ; p.o. primary 
orifice, above which is a concave lamina, the beginning of the ovicell. In the lower 
zooecium the ovicell (o) is further grown. The primary orifice is still visible, but 
it is partially concealed by the growth of the peristome, which encloses a minute 
avicularium ; vi, mandible of avicularium. C, Older part of the same colony ; pr, 
peristome ; s.o, secondary orifice ; o\ adult ovicell ; p, pores. 


older individuals, while in those forms which develop a “ peri-* 
stome ” (see Fig. 255 and p. 524), the characters of the orifice 
can often be determined in the young zooeeia only. It is 
thus essential to examine the growing ends of the branches or 
the rim of the colony, as the case may be. 

In order to make preparations with the tentacles expanded, 
hydrochlorate of cocaine, chloral hydrate or spirit should be 
added gradually to the water. When the animals are Completely 
anaesthetised they may be killed by means of a 7-10 p.c. solution 
of sulphate of copper (best made in distilled water or in rain 
water). This method gives admirable results in the case of both 
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fresh-water and marine Polvzoa. The use of formaline (see p. 
229) may he strongly recommended for the Vesieularina. 

The only recent work dealing with all the marine British 
forms is Mr. Hi neks’ invaluable History of the British Marine 
Polyzoa} As the use of this hook, unaided hy any artificial 
help, is hy no means easy to the beginner, the. following key has 
been compiled as an index to the genera. The Kntoproct forms, 
Loxosoma and Pedirelli In a. (see. pp. 488-491), are not included in 
the table. 

T 11 order to facilitate the use of the table here given in con- 

Kits. 2f*6. — Illustrating 
the terminology of 
the front surface of 
the znoccium (Clieilo- 
stonnita). A, Mi'in- 
ftftt tiipora ( Kteetra ) 
/tifnsa lj., Cromer, x 
47 ; rf/j'thtt membran- 
ous “ aperture ; ” *», 
orifice. B, Mnnhraui- 
/mrtt firmin'/ Li Husk, 
Plymouth, x 60 ; up, 
t he aperture., enclosed 
in a calcareous 
“area” (a); r/r, nvicu- 
lariurn ; .v, marginal 
spines. C, M icropnra 
f'l/'iiirra Ksper, Ply- 
mouth, x 4a ; o, area 
(cnleareotis) ; o, oper- 
cuhim ; or, ovicell. 

junction with Mr. Hi licks’ work, the nomenclature there adopted 
has been followed throughout. References to other descriptions 
of the species may l>e obtained by consulting Miss Jelly’s admir- 
able Synonymic Cataloyne of the Recent Marine Bryozoa? 

Terminology. — A few technical terms must of necessity be 
employed. The colony is adherent when its zooecia are attached 
to the object on which the colony is growing. The zooerium is 
the ho«ly- wall of a single individual; and, except in transparent 
species, is the only part which can he seen from the outside in 
the retracted condition of the jwiypide or tentacles with the 
alimentary canal. The outermost layer of the zooecium is known 
as the ictoeyst ; it may be simply membranous, or calcified, or 
may be rendered opaque by foreign bodies; its surface in 



* 1 Two vols. 8vo. London (Van Voorst), 1880. 
2 8 vo. London (Dulau), 1889. 
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calcareous forms is often marked by pores (Fig. 239, C, ^?), which 
are vacuities in the calcareous wall, closed externally by mem- 
brane. A special median pore (Fig. 241, A, m.p) may occur, and 
is in some cases at least a complete perforation through the 
body- wall. 

The tentacles are protruded through the orijice, whicli in 
Cheilostomata is usually guarded by a movable ehitinous lid, or 
operculum (Fig. 256, A, o). Should the eetocyst be thickened or 
raised into a ridge surrounding the orifice, a tubular passage 
results, known as the secondary orijice (Fig. 255), at the deeper 
end of which is the true orifice. The peristome (Fig. 255, C, 


Fig. 257. — A, Cnhnlina <m- 
nnlata Fabr., Norway, x 
83 ; r, calcareous bars 
concealing tlie membran- 
ous aperture : B, Mem- 
hr an ip or ell a v i / i rf a 
Job nst., Plymouth, x 
■15 ; re, calcareous bars 
growing up round the 
margin of the aperture ; 
h, the same, further de- 
veloped ; c, the same, 
completely formed (as in 
A) ; <tr, avicularium ; u, 
immature, and o', ma- 
ture, ovicell ; a, marginal 
spines. 




pr ) is the raised or thickened part which gives rise to the 
secondary orifice. Should the zooecium be outlined by a raised 
ridge, the part so enclosed is known as the area (Fig. 256, C, a), 
if calcareous. The aperture or opesia (Fig. 256, A, B, ap ) is a 
membranous part of the front surface; and may consist of the 
whole or part of the area. The orifice or the aperture is 
commonly provided with sjrinrs (Fig. 256, B, s ). . 

The aiHcularium and the vibraculum are specially modified 
zooccia (see p. 482), which occur in a great variety of forms, in 
certain Cheilostomata only. The operculum of the ordinary 
zooecium is represented by the mandible (Fig. 239, B, fo) in the 
avicularium, and by the seta (Fig. 242, s) in the vibraculum. 
The representative of the zooecium itself is known as the ameu- 
larian (Fig. 239, A, a.z) or vibracnlar zooecium (Fig. 242, r.z). 
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All ovicell is u swelling in which the embryo develops, in certain 
( -yclostomata (Fig. 237) and Cheilostomata (Fig. 241, A, o). 
A stolon (Fig. 238, B, st) is a stem, not formed of fused zooeeia, 
from which new individuals originate. An internode, in a jointed 
colony, is the part between any two joints. The fornix or 
scutum (Fig. 254, A,/) is a modified spine which in some Cheilo- 
stomata overhangs the aperture. A muv.ro (Fig. 255, A, mu) 
is a spike or protuberance developed just below the orifice. A sinus 
(Fig. 230, B, s) is a slight bay on the lower margin of the orifice. 

The orifice opens at the upper end of the zooeeium, on its front 
surface. The length of the zooeeium is the distance from the upper 
to the lower ends, and the width the distance between its sides. 


’ One or more of the following characters : orifice provided with an 
operculum ; avicularia or vibracula present ; a globular ovicell 
above the orifice of certain zooeeia (Cheilostomata) . 7 

Opercula, avicularia, vibracula, and ovicells completely absent, or 
1 inconspicuous. Calcareous or lion-calcareous. If calcareous, the 

' l orifice is not at the end of a free cylindrical portion M 

Calcareous ; zooeeia cylindrical, often united for the greater part of 
tlicir length, but usually ending in a free cylindrical portion, 
which bears the terminal orifice. The zooeeia may be much 
obscured by calcifications surrounding their basal parts . '1 

f Zooeeia long, tubular, with a lateral membranous region at the upper 
m) I end, given off ijuite separately from a creeping stolon Aden 

I Zooeeia more or less united to one another, orifice without cliitinous 
l operculum (Cyclostomata J ) . f>s 

f Zooeeia without marginal spines ; arising from a branching axis, 
which is not formed of zooeeia . . . .71 

«>. \ Colony adherent ; or erect, fleshy and slightly branched ; or erect, 
I encrusted with earthy matter ami repeatedly branched . 7 '2 

\ Characters not as above . . . . .4 

( Zooeeia minute, boat-shaped, united by a delicate tube. Aperture 
4. large, with marginal spines . . lieania mimbilia 

( Colony delicate, erect ; zooeeia wider above than below : f> 

f No marginal spines . . . . . .0 

o. ' Zooeeia uniserial, with marginal spines. Branches arising from the 
( top of a zooeeium .... lirettia 



Zooeeia uniserial ; branches arising just below the large aperture. An 
ovicell may be developed above the orifice of a modified zooeeium 

Eueratea clielata 

Zooeeia somewhat pear-shaped ; orifice small, semicircular 

Huxleya frayilis 


1 One or two genera of Cheilostomata may be mistaken for Cyclostomata. In 
case of doubt, 7 et seq. must be worked through. 
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| Colony erect . . . . . .8 

7. Zooecia in several layers forming confused masses . . 30 

( Colony entirely adherent, 1 the zooecia usually in a single layer 31 

Erect Cheilostomata. 


M 



1 M 


Branches cylindrical, calcareous, divided by chitinous joints. Orifices 
arranged all round the branch . Cellaria (Fig. 239, A) 

Branches flexible, jointed or unjointed. Orifices not arranged all 
round the branch . . . . .9 

Calcareous, unjointed, rigid . . 21 


Branches leaf-like, flattened . . . .10 

Branches not leal-like . . . . .11 

Avicularia, resembling birds’ heads, movable . Bwjulu (Fig. 233) 
Avicularia not resembling birds’ heads, unstalked ; or absent. Colony 
broadly leaf-shaped, composed of a single layer or of two layers 
of zooecia .... Flustra (Fig. 232) 


Zooecia in pairs, at the same level . . . .12 

Zooecia not obviously pai red . . . .13 

Branches numerous, straight. Zooecia back to back, with an oblique 
aperture. No avicularia . . . Gcmcllaria lor i cat a 

Branches delicate, curved. A pair of stalked avicularia between each 
two pairs ol‘ zooecia - Notaw ia ( Epistomia) bursa ria 


. . . . .. . f conspicuous . . . .14 

13. Avicularia or vibracula-! . x . . . _ 

^ inconspicuous or absent .. 1 / 

Avicularia resembling birds’ heads, movable. Vibracula absent 1 5 
Avicularia large, unstalked. Vibracula present or absent . 16 

14. -[ Avicularia inconspicuous. Setae of the vibracula large, very con- 

spicuous, on oblique vibraeular zooecia, which almost cover the 
backs vof the branches . . . Caberea (Fig. 242) 


15. 


16. 




Zooecia in two series, alternate, with one or several conspicuously 
long marginal spines .... BiceUarui 
Zooecia in two or more series. Aperture occupying most of the front 
of the zooeeium. Colony often spiral. Avicularia usually large 

Burfula (Fig. 233) 

Zooecia long, narrow below, commonly in triplets, with two lateral 
avicularia to each triplet. Fornix present. Menipm temata 
Zooecia biserial, a considerable number forming an internode 
separated by a joint (often inconspicuous) from the next internode. 
Lateral avicularia usually large. Vibraeular zooecia on the back, 
or sides of the branches . . Scrupocellaria (Fig. 254) 


f Characters as in Scrupocellaria (No. 16), but with inconspicuous 
17.-! avicularia. A branched fornix . Scrupocellaria reptans 

y Vibracula absent . . . . . o .48 

j g / A single, short, marginal spine ; or none . .19 

' \ Marginal spines present . . . . .20 


Certain varieties of adherent species occasionally assume an erect form. 
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19 . 


Characters as in No. (> . Kucmtea chdata , Hnxlaja frayilis 

Zooccia biserial. Aperture large, the semicircular orifice at its upper 
end, where there is commonly a short spine Ocllnlaria pm chii 
Zooccia in one or two series. Branches originating from the backs 
of the zooecia, and facing in the opposite direction to the parent, 
branch. Aperture small . . . Scrujiaria claraUt 


f One or more conspicuously long marginal spines. Avicularia present 
or absent ...... Bird lari a 

Zooecia uniserial (see No. 5) . . . . Brett ia 

I Zooecia biserial, in short in tern odes. An inconspicuous avicularium 
[ below the aperture. Fornix present . Men ipca jeff rajs ii 


21 . 


Colony consisting of a network of narrow branches, the zooecia 
opening only on one of their surfaces . . Eetcpora 

Colony large, brittle, composed of contorted plates, uniting irregularly, 
•usually composed of two layers of zooecia. Orifice large, indented 
laterally ..... Lepralia foliacca- 
Branches delicate, cylindrical . . . .22 

Branches or lobes coarser, not necessarily cylindrical . .24 


r Branches composed of four rows of zooecia . . 23 

Zooecia in more than four regular, longitudinal rows. Peristome 
raised, and, with the oviccll, forming a swelling on the surface of 
the branch . . . Exchar aid™ quinc uncial is 


23. \ 


f Orifice circular. A row of pores round the margin of the zoocciuiu. 
A median pore resembling a small orifice below the true orifice. 
Small lateral avicularia . Borina horcalis 

Orifice surrounded by a peristome, produced into a mucro beneath 
the orifice. No pores . . . Balmicdfaria dej/ans 


( Zooecia arranged in regular series . . . . 2 ft 

Zooecia irregularly heaped, their long axes often perpendicular to 
the surface of the colony. Mucro largely developed, concealing 
the form of the orifice, and bearing an avicularium Cdlcpora 


25. 


Orifice with a sinus ; or peristome interrupted or extended below 
into a sinus-like outgrowth, which usually includes a small 
avicularium . . . . 2f> 

Neither median sinus nor interrupted or extended peristome 2K 


/ Orifice with a sinus . 

\ Peristome interrupted or extended below 


Schizopordla, (Fig. 239, B) 
. 27 


27 . 


Branches of various forms. Surface of the older parts very even. 
Secondary orifice rather long, usually wider above, enclosing a 
small avicularium below, and appearing as a hole in the even 
surface of the branch . . Forella (Fig. 255, B, C) 

A prominent tooth projects into the orifice from its lower side. 

Zdoecia with thin walls . Smittia landsborovii (Fig. 239, O) 
No tooth in the orifice, at the side of which is a small avicularium. 
Old zooecia with thick walls. Colony composed of a short stem 
and flattened branches . • • Escharoides rosacea 
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( A tooth projects from the lower side into the large, subcircular orifice, 
on each side of which is a small oval avicularium (colony erect or 
| encrusting) . . . Mucronella pavonella 

{No tooth : mucro sometimes present . . . .29 

' Branches cylindrical. Old zooecia with thick walls. Orifice in 
young zooecia longer than broad ; beneath it a median pore, 
29. - and in some cases a lateral avicularium with vibraculoid mandible 

JHpornla verrucosa 

k A distinct mucro, which may bear an avicularium above Palmicellaria 


Encrusting Cheilostomata. 

r Usually growing on a small univalve shell. Orifice longer than 
broad, indented laterally. Mucro present . . Lepralia cdax 

. One or two conspicuous processes, each bearing an avicularium, near 
the orifice, which is often concealed. Avicularia in many cases 
found on other parts of the colony . . Ccllepora 

( Zooecia distant ; or in single rows . . .32 

Zooecia forming continuous expansions . . 30 

{ An oval aperture, larger than the orifice . . 33 

No aperture . . . . .34 

l A tubular process below the aperture, in some cases : zooecia very 
, -[ narrow below . . . Kncmtea chelata, var. repens 

{ No tubular process below the aperture . Membranipora 


Peristome much raised below, collar-like . . Phylactella 

Peristome not much raised below . . .35 

Zooecia minute, much narrowed below. Orifice small, usually with 
a sinus ..... Hippotlwa 

Zooecia not narrowed below. Orifice with a sinus . tichizoporella 

Zooecia partly separated by a thin calcareous crust. Colonies 
small . . . . .37 

Zooecia contiguous . . . . . .38 

Zooecia pear-shaped. Orifice with a sinus . Hippothoa expansa 
Zooecia ovoid. Orifice subcircular, with a tubular peristome 

Laycnipora sociali* 

Orifice close to the upper end of the zooccium (unless crowned by an 
ovicell). Front of the zooecium marked by transverse or 
radiating furrows or lines. The very young zooecium may 
possess a membranous area, which becomes roofed in by the 
union of two lateral series of converging bars (Fig. 257) . 39 

Characters not as above . . . . .40 

Furrows with uniserial rows of pores (often minute), which are rarely 
irregular . . . Cribrilina {Fig. 257*, A) 

No rows of pores. Distinct transverse lines or spaces and a 
median longitudinal suture between the bars 

Membraniporella (Fig. 257, B) 


( Zooecia minute, much narrowed below. Orifi 
. \ a sinus . 

{ Zooecia not narrowed below. Orifice with a s 

f Zooecia partly separated by a thin calcar 
small . 

Zooecia contiguous . 
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40. | 



50. 


Zooecia arranged in regular series . . .41 

Zooecia irregularly 1 heaped together (rf. No. 30) tMUpora 

Primary orifice conspicuous ; with a sinus, or with a peristome 
extended or interrupted below, and sometimes simulating a 
sinus . . . . . .4 2 

Neither sinus - nor interrupted peristome . .44 

Surface of the old zooecia much thickened, so that tin*- secondary 
orifice does not project beyond the most prominent parts of the 
zooecium. Secondary orifice concealing the primary orifice, wider 
above, enclosing a small avicularium below l*orcUa{ Fig. 255, 14, O) 

Primary orifice with a sinus, but no tooth . . .43 

A prominent tooth projects into the orifice from its lower side. 
Peristome interrupted or with a sinus. Surface of the old zooecia 
not much thickened ... . . S mitt in 

Orifice with a sinus and long spines. Peristome interrupted. Ovicell 
with a wedge-shaped or linear longitudinal fissure. Avicularia 
generally present, the avicularian zooecium conspicuous. Schi::utheca 
Orifice semicircular. Vibracula present, near the orifice. 

Mastujophora (Fig. 241, B) 
Orifice semicircular or subcircular. Xo vibracula ; avicularia with 
vibraculoid mandibles may occur Schiarpordla (Fig. 239, B) 

Zooecium with a median pore ; nr completely tubular above. . 45 

Zooecium with no median pore. The orifice inav he partially sur- 
rounded by a collar-like development of the peristome, but it is 
not completely tubular . . . . 4!) 

Orifice not tubular. A median pore . Mirropnrdla (Fig. 241, A) 
Orifice tubular .46 

Zooecia narrow or small . 47 

Zooecia ovoid . . . . 4N 

Orifice markedly tubular. Median pore conspicuous Purina tuhnlnsa 
Colony very small. Zooecia irregularly arranged, with no median 
pore ...... (Jcllepurella 

Zooecia very convex, with a granular surface ; ovicells set far back. 

Orifice wider than long . . . Macrundla microstoma 

Young zooecia with stellate pores. A minute avicularium, or merely 
a pore, on the upper and lower sides of the orifice in some zooecia. 

A nar thro para monodun 

Front of zooecium with an elevated margin, enclosing an arm . 50 

Area not present . .55 

Front wall wholly calcareous . .51 

Fro nt^ wall wholly or partly membranous 54 


1 For Celleporclla (colony minute : orifice tubular), see 41 et sry. 

- Ehynchozoon (see No. 61), in which the primary orifice becomes much obscured 
by the development of a large mucro, is placed in this section. 

VOI-. II 2 M 
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( Avicularian or vibracular zooecia replacing an ordinary zooecium, or 
at least situated between the zooecia . . .52 

Avicularia and vibracula absent, or if present not replacing a 
zooecium . . . . . .53 

f Vibracula present, (-olonies small. A pair of longitudinal slits 
I within the area .... Setose lla vulnerata 

52. - Very' large avicularia present. Ovieell closed by a movable lid. 
I Orifice subcircular, with a minute lateral tooth on each side. 

Thaltimoporella 1 (Stega n oporella) smittii 

( Orifice semicircular, quite at the upper end of the zooecium ; usually 
with a knob on each side . Microporn conacea - (Fig. 250, < ') 
A transverse chitinous plate lies immediately below the operculum. 
A vibraculoid spine may occur . . Megapora ringens 


54. 


r Area entirely membranous, usually bordered by spines. 

Memhrunipora (including Electra :! ) (Fig. 250, A) 
Membranous portion reduced to a small portion, which may be 
variously lobed, enclosing the orifice. 

Membranipora (other species) (Fig. 250, i>) 


f Peristome present. No nmcro .... 50 

55. -[ Peristome absent ; or if present, with a mucro . . . 57 

[(See also Mucronella pavonella, No. 28). . 


50. - 



Peristome collar-like, much raised below and at the sides of the 
orifice, deficient above. No avicularia . . Phylactrlla 

Orifice large, longer than broad. Peristome* not deficient above the 
orifice . ..... Lepralia 

Wall of zooecium thin, shiny, and without pores . . 58 

Not agreeing with the characters given under No. 58 . . 5*.) 


r A minute avicularium above the orifice, or where an ovieell is present, 
situated at the summit of that structure. Zooecia not quite 
contiguous. Macro sometimes present . Chorizopora brongniartii 
No avicularia. Ovicells on rudimentary zooecia, lying in a plane 
superficial to that of the rest of the colony. Zooecia long. 

Schizoporella hyaliipi 


59. 


A more or less distinct mucro or prominence beneath the orifice. (50 
Mucro rarely present. Orifice nearly always longer than broad, or 
nearly circular, usually large, and slightly indented laterally. 

Lepralia 


f A tooth projects into the orifice from its lower side . .61 

* ' \ No tooth . . . . . . 62 

1 Hincks, J. Linn . Soc. xxi. 1889, p. 123. 

~ Mieropora complanuta, Norman, should be placed in the genus Lepralia. See 
Hincks, Ann. Ndt. Hist. 5 ser. xix. 1887, p. 304. 

See Norman, Ann. Vat. Ilist. ser. 6, xiii. 1894, p. 113. 
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61 . 


Colony glistening. Orifice much obscured by the mucro anil by 
stout spines developed from the peristome. Tooth (concealed in 
old zooecia) large, strongly curved to one side. 

Rhynch&pora ( Rhyneho:;oon *) bitqrinosa 
Tooth of the lower margin of the orifice symmetrical, sometimes bifid. 
Avicularia may be present laterally, but are not developed on the 
mucro .... Mucronella (Fig. 255, A) 


f Orifice at least half the width of the zooeeium, bordered below hv a 
well -developed prominence or “ umbo.” Surface of the zooeeium 
us. strongly areolatcd round the margin . . Umhonnla - 

I Orifice considerably less than half the width of the zooeeium. 

\ Schkoporella (Fig. 2311, B) 


<? 


Cyclostomata. 


I ' Colony erect. Branches of two or one series of zooecia, divided at 
intervals by ehitinous joints. Ovicells pear-shaped, 
o*. ‘ rrisw (Fig. 237) 

Colony erect, unjointed . 66 

I Colony in the main adherent; or circular; or lobed . 64 


l Colony more or less circular, discoidal or cup-shaped, sometimes 
64. [ forming secondary colonies by marginal budding . 65 

\ Colonies not circular . . .68 


( Zooecia separated by calcified interspaces, which may contain large 
pores, often difficult to distinguish from the orifices 66* 

| No large pores as above. Orifices not spiny. Zooecia ucailv always 
V contiguous, except where an ovicell is developed . . 67 


66 . 


Colony composed of one or more convex discs, bearing radial ridges, 
each composed of many zooecia . . . Domnpnrn 

Colony encircled by a thin calcareous lamina, which gives rise to new 
zooecia, its centre usually devoid of zooecia when adult, and often 
bearing the orifice(s) of the ovicell. Zooecial orifices often spiny. 

Jjiclti'iwpnra 


67. 


Zooecia with a long, tubular, free portion, in some cases curved in a 
horizontal plane. Colony fan-shaped until a late stage. 

Tutmlipom Jfaheltaris 

' Tubular portion absent, or for the most part curved in a vertical 
plane. Some of the orifices may be closed by a calcareous plate. 
Colony circular or bluntly lobed . . . hiartnptrra 


1 Hincks, “Marine Polyzoa” (reprints from Ann. Ant. Hint. 1880-91), Index, 
p. v. note. (Replacing Ilhynchopora , preoccupied for a Hrachiopod.) 

2 A form of Lcpralia pallasiatm, in which a mucro is developed, may be mistaken 
for l/mbomila (sec characters given for Lepralia under No. 59). 
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Zooecia in one or few series, forming a linear or branched colony, 
which is closely adherent, but may give rise to short erect 
portions. Branches narrow, but often broadening at their ends. 
Zooecia usually with a free upper end . . Stomatopora 

Colony broadly lobed, some of the zooecia in transverse or oblique 
ridges composed of contiguous zooecia, arranged like a row of 
organ-pipes .... Idmonea serpens 

Colony broadly lobed, or fan- shaped ; zooecia in many series, which 
are not arranged like organ-pipes . . . Tubulipora 


09 ( Well branched. Orifices confined to one surface of the colony . 70 

l Not much branched . . . . . .71 


70. - 


Zooecia in transverse rows, their upper ends united in tlie manner of 
a row of organ-pipes. Ovicell (when present) an inflation of the 
front of tlie branch . . . Idmonea atlantica 

Zooecia not in regular transverse rows. Ovicell (when present) large, 
mostly on the back of the branch . . . Hornera 


f Branches cylindrical, their ends massive and raised into radial 
71. -! ridges, which carry the orifices . . Dmiwpara stellata 

[ Ends of zooecia tubular, arranged all round the branch. Kntalophora 


Ctenostomata. 


f Colony entirely adherent, or forming thick, soft, erect lobes . 73 

72. -[ Colony erect, well-branched, dark and opaque, resembling seaweed. 
[ Zooecia with a long tubular free portion . Anguinella palmata 


r 


73. J 


Orifice large, with two distinct lips. A variable number of stout, 
brown* spines. Encrusting . . . b'lndrella liispida 

Orifice small, rounded, borne by a more or less distinct papilla. 
Encrusting or erect. Zooecia crowded, rarely in single lines. 

AUyonidium 

Orifice small, rounded. Zooecia widely separated, connected by 
narrow tubes ..... Arachnidium 


„ j f Axis of colony erect, usually branched . . .75 

* ' \ Axis creeping . . . . . . .79 

_ r f Zooecia in elongated clusters, which occur at intervals . . 76 

* \ Zooecia not grouped ; or in irregular groups ; or in whorls . 78 

f Zooecia regularly biserial . . . . .77 


76. Zooecia long, less regularly arranged. Polypide with a gizzard. 

Bowerbankia (Fig. 238) 



"Clusters of zooecia very regular, occurring immediately belotf a 
bifurcation of the axis. Zooecium with a broad base, not movable. 

Amathia lendiffera 

Zooecia arranged like the pinnules of a leaf, with a constricted base, 
and movable on the branch . . Mimosella gracilis 
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Main stem zigzag. Branchlets delicate, many ending in sharp points. 

Zooecia small, ovoid . . Vesicularia spinosa 

Axis jointed. Zooecia small, in small clusters. Polypide without a 
gizzard .... Valkena nva , var. cuscuta 
Zooecia in whorls, attached to the axis by thread-like stalks, much 
longer than themselves . HippnraHa egertoni 

{ Zooecia pear-shaped, produced at the lower end into a distinct stalk. 
Gizzard absent . . . .80 

Zooecia not distinctly stalked, although sometimes constricted at the 
base . . . . . . .81 



81 . 


82 


■{ 


83. 


( 



Stalk long. Zooecium movable on its stalk, compressed, with a 
membranous area on one side. Twelve or more tentacles. 
Usually found on Crustacea . . . TritMla 

Stalk variable. Zooecium very transparent ; oriliee bilabiate. Ten 
to sixteen tentacles . . Fairella repens 

Zooecium very small, much elongated and narrow. Eight tentacles. 

Valkeria t renin la 

(See also Arachnidium , No. 73). 

Zooecia short, minute, with a few short spines on each side of its 
broadened base. Upper end tubular . llnskia nil ms 

Zooecia elongated . . . .82 

Zooecia transparent . .84 

Zooecia brown, often quite opaque . .83 

Zooecia large (about - r l ff inch long), distant, constricted at the base, 
bearing scattered bristles. Usually found on Crabs or Hydroids. 

Avendla ftwra. 

Zooecia tall, cylindrical, not constricted at the base . Gylindroccium 

Zooecia minute. Axis dilating at intervals into swellings, from 
which new zooecia originate. These may give rise to new stolons, 
or directly to new zooecia. No gizzard. Found in brackish or 
fresh water .... Vidor elln pavidn 

Axis not dilated, as above . . . .85 

Zooecia small, in small groups. No gizzard . . ] r nlhria nva 

Zooecia long, scattered or in groups. Gizzard present. 

Bou'crbankin (creeping forms) 


It is highly probable that the Ctenostome genus Tlypophorella 1 
will before long be added to the British Fauna. The animal 
consists of delicate stolons, which give off small zooecia at 
intervals ; and it is known to excavate passages in the substance 
of the tubes of certain Polychaet worms ( Ckaetopterus and 
Lanice). • 

* Sco Arch. Zool. Exp. 2 ser. vi. 1888, p. 135 (as Delvujia ), and ibid. x. 1892, 
p. 594. [Sco also J. Afar, Biol . Ass . v., 1897-99, p. 51.] 



ADDENDUM TO CHAETOGNATHA 


Since the Chapter on the Chaetognatha was printed the 
following list 1 of “ The Known Chaetognaths of American 
Waters ” has appeared : — 

1. Sagitta elegans Verr. This species resembles S. bipunctata ( vide pp. 

191 and 193), but differs in size, in the relative proportions of 
caudal and body segments, and in the presence of diverticula from 
the intestine. 

2. Sagitta flaccida Con. This species resembles S. hexaptera (vide p, 193) ; 

it is, however, smaller (length, 1*3- 1*8 cm.) and has more spines 
(anterior, 7-8, posterior, 10-12), and its tail segment is relatively 
smaller. • 

3. Sagitta tenuis Con. Length, 5 -25 mm. ; hooks, 7-8 ; anterior spines, 

4-5; posterior spines, 7-10. 

4. Sagitta hispida 2 Con. Length, 7-11 mm.; hooks, 8-9; anterior spines, 

4-5; posterior spines, 8-15; tail segment one-third body length; 
intestine with two diverticula ; sensory hairs very numerous. 

5. Sagitta hexaptera (vide p. 193). 

6. Krohnia hamata (vide p. 194). 

7. Spadella maxima Con. Length, 6*2 cm. ; hooks, 0 ; anterior spines, 3-5 ; 

posterior^ opines, 5-7 ; epidermal thickenings round the neck. 

8. Spadella draco (vide p. 194). 

9. Spadella schizoptera 2 Con. An opaque, yellowish-brown species living 

among algae. Length, 4 mm. ; hooks, 8 ; anterior spines, 4-6 ; 
posterior spines wanting. Caudal segment occupies one-half the 
body length. 

Professor Yerrill states that the name S. gracilis (vide p. 101) 
was due to a clerical error, the species really referred to being 
JS. elegam . * A. E. S. 

1 F. 8. Conan t, Johns Hopkins JJniv. Cite. vol. xv. 1896, p. 82. 

2 Ibid. vol. *iv. 1896, p. 77'. 
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A CAXliLLA , as host, 298 
Acanthobdella , 395 

Acanthocephala, 123, 124, 174 f. ; embry- 
ology, 179 ; classification, 181 
Acanthocotyle , 7.7 • 

Acanthodrilidoe, 357, 362, 381, 383, 384 
Amnthodrilus, 356, 363, 366, 372, 382, 
384 ; chaetae, 360 
Aamthozoon , 20 

Accessory gut, of Polycliaeta, 305 
Accra*, 10 
Acliaeta, 445 
Ackoloe, 297 

Aciculum, 247 ; fossil, 302 
Acwostoma , 50 

Acoela, 42 ; occurrence ami habits, 43 ; 

reproduction, 47 ; classification, 49 
Acotylea, 16 f., 17 , 18 
A r/'orhyuchus, JO ; occurrence, 44 
Actinotrooha larva, 468 
Actinurus, 201, 222 
Acyclvs, 221 

Adaptation, of Trcm&todes, 52, 62 ; of 
CCstodes, 74 ; of Nematodes, 161 
Adherent, 523 
AfHneta, 204, 222, 227 
Adventitious avicularia, 482 
Aeolosoma , 349, 358, 354, 360, 370, 374 , 
375 

A etea, 518, 525 
Agassiz, on Syllklae, 280 
Alaurina claparedii, 40 
Albertia, 204, 210, 213, 224, 227 
Alciope, 215 

Alciopids (Alciopina), 314 ; head, 263 ; 
parapodium, *265 ; habit, • 291 ; light- 
organs, 294 

Al&iopina parasitica, 298 , Vl 

Alcyonella, 494 , 605, 518 • 

Alcyonellea, 618 

Attyonidium, 477, 429, 492, 518, 532 ; 


I structure of zooeciiim, 469 ; reproduc- 
tion, 507, 508 ; larva, 510, 611 
Alimentary canal — see Digestive System 
! AliUa, 317 

j Allantoncmu, 131, 150, 151, 161 
j Allman, on Polyzoa, 474, 475 
I Alloeocoela, 43 ; habits, 46 ; reproduction, 
j 47 ; classification, 50 
I Alloiogenesis, 66 n. 

AUoM*pfomt, 351, 307, 309, 371, 380, 
' 389, 300 f. ; cocoons, 366 

AUostoma pallid um, 50 
Alluroides , 370 

Allurus, 351, 366, 370, 389 ; cocoons, 365 
Ahnu, 352 f., 387 

\ Alternation of generations, 60, 81, 281 
Amathw, 481, 518, 632 
; Aimnochnridne, 258, 325 
1 Ammatrypane , 278, 331 ; intestine, 271 
, A mpharcte , 330 
Ampharetidae, 258 , 330 
Amphibia, Trematodes of, 55, 62, 71, 72; 
Nematodes of, 163 
. Amphichaeta , 377 
Amphicoerws, 40 
A mphicora, 339 
| Amphicoriinjt, gill, 261 . 
j Amphicorinidae, 258, 330 
Amphictei * , 330 . * 

Amphictenklae, 258, 330 
Aniphiglemtj 273, 330 
A mphileptus, 235 
.1 mphilina , 01 j 

Amphinome, eye o& 25$ ; A^smaragdina, 
colour, 293 

^mphfoomidae, 258, 318 ; shape, 259 ; 
A .caruncle, 260, 273 n. ; head, 262, 263 ; 
parapodium, 264 ; cirri,’ 265 ; chaetae, 
267, 267 ; In Laps >497 - 
A mphiporuH, 102, 114 ; British species, 110 
Amphiptyches, 77 
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Amphistomatidae, 73 

Amphistomum, 71, 73 ; .1. hominis, 63 

A niphitrite , 327, £48 ; gill, 329 

Ampu/laria, Temnocephala witli, 53 

Anac/meta, 350, 376, 395 

Anal, cirri, 259 ; funnel, 259, 332, 333 ; 

vesicles, 358, 436 
Aiiangian worms,' 253 
A narthmpirra, 529 
Ancylostomum , 143, 163 
Andrews, on Sipuncu/us , 417, 4*26 
A ngiostomum ,134 
Angler- fish, Trcmatodcs of, 62, 72 
A ug ini/ nla acetic 125, 154 > -1* frit id , , 
125 ; A. diplogastcr , 155 
Anguillulidae, 137, 7&4 
Angitind/a , 532 
Ait tunin' Ins, 386 
Annelida, 241 
.'Iwrjce/fr, 

Anonymidae, 7,9 

Aiwnymus , 16, 18, 7.9, 20 ; penes, 27 
Anopla, 109 

A nop/nr ephala , 9/; characters, 90: -I. 

///*//// ilf atm , 90; d. perfofiata , 1 i ft; -history, 
83; specific characters, 90: .1. p/icala, 
specific characters, 90 
-4 nop/ odi sens, 73 

Anoplodimn, 50; A. parasitinnn , occur- 
rence, 45 
Antaeus , 388 
..Ijifrr/nM, as host, 342 
Antenna, of Rotifers, 215 
A nthobuthrivm. t 76 n., .9/ 

Anthocoty/e , 73 
Antinoe , 298 
J nt i pat lies, as liost,\298 
Anvraea , ,?£/>, 226 
Auuraeidae, 201, 205, 226 

A’oon, sin edible, worm, 297 
Apel, on Priapuloidea, 433 
Aperture, of zooecium, 468, 517, 523, 524 
Aphuneura, 353, £7-4 
yl //Zrrr// ostoina , 49 
Aphanostomatidae, 4*9 
Aphefniehus , 131, 7J£, 157 
Aphrodite , 312 ; shape, 258; head, 260 ; 
peristoininin, 263 ; chaetae, 268 ; felt- 
ing, 312 ; intestine, 271 ; genital cells, 
273 ; eolour, 291 : /l. aculeata , 312 ; 
distribution, 299; J. echidna , 299 
Aphroditidae,;^#, .999 ; frontal ridge, 260 ; 
parapodium, 264 ; elytra, 266, 309 ; 
chaetae, 266 

Apical plate, of Trochosphere, 245 
Apodiua, 235 
Apotloides , 

J/wh/o//, Scufe.v polymorphus in, 77 
Apsilidae, 201, 203, 214, 220, 221 
Apsifus, 201, 212, 213, 214, 221 
Arabel/ites , 302 
Arachnitlhnn , 532 


Archiannelido, £47 ; anatomy, 243 f. ; 

nerve cords, 255 ; development, 243, 245 
Archigetes, 5, 74, 76, 91 ; significance of, 77 
Area, of zooecium, 528, 524 
Arenicola, 333; perienteric ’ sinus, 252*; 
nephridium, 253, 254, 269 ; pro- 

stomium, 259 ; body, 259 ; head, 264 ; 
gill, 265 ; chaetae, 266 f. ; genital 
organs, 273 ; otocyst, 273 ; burrows, 
285; pigment, 291; colour, 293; A. 
marina , 333 ; habits, 301 ; in brackish 
water, 284 ; as bait, 297 ; eggs, 314 * 
Arenicolidae, 258, 333 
Argilophilus , 372 
Arhyneliidae, 185 
Arhynchus hemignathi, 181, 185 
Aricia , otocyst, 273 ; eggs, 275 
Ariciidae, 258, 321 ; gill, 265 
Aristotle, on Earthworms, 347 
Armata, 445, 446 
Arthropoda, absence of cilia in, 121 
Articulata, 517, 518 
Ascaridae, 131, 138, 163 
A scar is, 139, 163: A. aevs , 130; A. ala/ a, 
140 ; A. depressa^ 141 ; A./erox, 141 ; 
A . incur ra , 141 : A. teploptem, 141 ; 
A, hnnbricnides , 125, 134, 135, 139, 
163 ; A. mega/mrpha/a , 125, 127, 128, 
131, 136, 140, 163; A. vmermata, 
141; A. mysta.r, 125, 130, 140; A. 
nit/ rare ttosa , 155 ; A. rufricunda, 141 ; 
A. sniff or, 139; A. sulcata, 111 ; A. 
transfngn f 125, 126, 141 
Ascodictyou, 521 u. 

Ascouiorpha, 223 
Ascnpodaria, 488 n. 

A sell as. Rotifers attached to, 227 
Asexual reproduction, in Triclads, 40 ; in 
Rhabdococls, 14 ; in Ccstodes, 80 ; in 
Trichoplax and Saline/ fa, 96 ; in Poly- 
chaeta, 278 f„ 279, 280, 282, 340 ; in 
Oligochaetu, 374, 375, 377 ; in Polyzoa, 
496, 51 4 

Aspidobothridae, 73 
Aspidocofyfe, , 73 
Aspidoeotylea, 73 
. 1 spi dog aster, 63, 73 

Aspidosiphon, 421, 423, 424, 1/25, 428 ; 

commensalism of, 129 
Asp/an chna, 200, 205, 210, 213, 215 n., 
223, 226 

Asplanchnaccae, 203, 212, 220, 222 
Asplauchnidne, 200, 201, 203, 205. 211, 
212, 21 15, 223, 226, 230 
Asp/an eh nopus, 201, 211, 222, 223, 226, 
230 t 

Ass, parasites of, 140 

Association, of lthabdocoels with Lamelli- 
branchs and Sea-urchins, 45 ; of Mono - 
his fuse nti with littoral animals, 46 ; 
significance, in Turbellaria, 51 — see also 
Commensal and Parasitic 
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Asteroids, as hosts, 341 
Aster ope, 816 

Aatroptcten , as host, 297* 309 
Atokous phase, 277 n. 

Atractonmnh, 131, 150 , 152 , 153 
Atrium (genital), in Planaria , 38, 39 ; in 
Olfgochaeta, 361, 378 
Atrochus , 201, 213, 214 , 221 
Auditory organs, of Turbellaria, 26 ; of 
Iloplonemertea, 106, 110 ; of Nemntodn, 
128; of Polychaeta, 273 
Aulastomum , 393, 399, 403 
Auricles, of Rotifers, 205 
A it tu/ if t us, 308 ; eye, 255 ; denticles, 270 ; 
brood-sac, 275, 276 ; reproduction, 278, 
279 ; sexual dimorphism, 281 ; A. 
ehiensis , eggs, 276 
Automat os, British species, 50 
. I venefla, 533 

Avicularian zooecium, 482, 524 
Avion lari urn, 466, 467, 468, 482 f., 482, 
51 6, 517, 522 f., 524 ; adventitious, 
482 ; vicarious, 4S2 ; vibraculoid, 484, 
485 ; structure, 483 ; movements, 485 ; 
function, 486 
Ash ic, 66, 73 * 

A.rinthm, 33f>, 333 

Baki.y, on human parasites, 139 
Baird, on Oligochaeta, 382 
Bait, Polychaeta as, 297 
Baker, on Rotifers, 197, 207 ; on Polyzoa, 
196 n. 

Unfit no</(ossus, affinities of Nemertinea 
with, 120 

Bnfntra, 204, 212, 224, 227 
Balfour, on Trochosphere, 229 
Unrentsia , 488 n. 

Barrois, on Polyzoa. 509 
Basement-membrane, of Leptojdana, 11, 
12 ; of Nemertinea, 102, 108, 110 f. 
Bathymetrical distribution, of Polychaeta, 
300 

Jldeflodrilus , 370 

Bdelloida, 201, 203 f., 211, 213, 215, 216, 
222 , 227 

Bdellouridoe, 32, 42 
Beauia, 518, 525 

Beddard, on Tc.traMe.mma ai/unriitm did- 
cinm , 118 ; on Oligochaeta, 347 f. ; on 
Leeches, 392 f. 

Bed well, on Rotifers, 198 
Beneden, van, on Cestodes, 76 ; on Nema- 
todes, 162 ; on Phoronis, 450 
Bonham, on a fresh-water Tetrastemma, 
118 ; on Archiannelida, 241 f. ; on Poly- 
cliaeta, 2?5 f. ; on Myzostomaria, 341 f, ; 
on Oligochaeta, 357, 373, 382 ; on 
P/uvronis , 452 f. 

Benhamia , 383 f. • 

BiceUaria, 4S1, 618, 526, 527 
Bilfhiger, on Rotifers, 212 


Bilharzia , 4, 73; B. crassa, 70 ; B. haem a - 
tobkt, 63, 68 f., 69 
Bimastos, 380 
Bipaliidae, 35, 42 4 
Bipalinm , 33, 34 , 42, 408 
Birds, Trematodcs of, 62, 63, 64, 72 ; 
Cestodes of, 77 f., 84, 85 ; Nematodes 
of, 144, 149, 163 ; Gordius of, 173 ; 
Acanthocephala of, 184, 185 
Bisexual, Turbellaria, 44 ; Trcmatodes, 
70 f. 

Bladder, of llotifers, 214 
Bladder-worms, 5, 79 f., 89 
Blauchard, on Cestodn, 91 ; on Ilirudinea, 
392 f., 105, 408 

Blastomeres, of egg of 7 )lstom vm, 65 
Blond, of Nemertinea, 108; of Poltjtjortlitts, 
244 ; of Cliaetopoda, 252 ; of Chlor- 
liaeniidae, 252, 334 ; of Mutjeiona, 
252, 325 ; of Sabclliformki, 252, 

337 

Blood-corpuscles, in Cliaetopoda, 252 
Body-cavity (including Coelom), of Nema- 
toda, 130; of Gordias, 166; of Acan- 
thoccphala, 175, 178; of Chaetognntliu, 
187 ; of Archiannelids, 213, 244 : of 
Polychaeta, 2 19 : of Afi/zosfoma . 343 ; 
of Oligochaeta, 355 ; of Leeches, 397 ; 
of Gephyrea, 416 ; of Phoronis , 454, 
462; of Polyzoa, 468, 488, 195 
Body- wall, of Nemertinea, 102, 103 ; of 
Nematodes, 125 ; of Gordiidae, 165 ; of 
Acanthocephala, 175 ; of Chaetogmitha, 
187 ; of Rotifers, 205 ; of Nereis, 219 ; 
of Oligochaeta, 319 ; of Gephyrea, 414, 
436 ; of Phoronis, 151 ; of Polyzoa, 
470, 195, 500 

Bohudsch, on Gephyrea, 111 
Holt* m Ufa, 377 ; chaeta, 300 
Bouellein, 435, 292 

Bonelfia , 411, 434, 442 ; anatomy, 134 f., 
435 ; male, 438 ; development, 439 ; 
habits of, 442 ; as host, 297 
Bonnet, on Oligochaeta, 348, 379 
Boring Worms, 286, 287 
Borlase, on Linens marinas, 99 
Borfasia efizaftethae, 111, 114 
Botlirioccphalidae, 01 
Bothriocephalinae, 01 

Bothrits'e/dualus, it l ; B. cnrdttftts , 81, 91 ; 
B. cristntns, 81, 91 ; B. fat us, in man, 
81, 91 ; life-history, 81 ; reproductive 
organs, 87 f. ; larva, 87 ; Ji. mansoni 
( — B. tifjuloides) t 81, 91 
Bothriocerca , 226 
Bothrioneuron, 370 
Bothriojdana, 46, 50 
Bothrioplanidae, 42, 46, 50 
Bothrmnesnstoma ptersr nut turn, 40 
Bourne, on Oligochaeta, 352, 373, 377 11., 
380 ; on Leeches, 400 
Bouvier, on commensal Gephyrea, 429 
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Bowerbankut , 470, 480, 481, 492, 500, 518, 
532, 533; larva, 511, 513; budding, 
514 

Brachionidae, 325 

Brachioaus , 200, 201, 204, 218, 225, 226, 

227 

Brackydril as , , 357 

Brackish water, Rotifers, *226 ; Polychaeta, 
284 ; Polyzoa, 492 
Bradyaema, 150, 151, 160 
Braeni, on statoblusts, 503 f. 

Brain — see Nervous System 
HmiwhclHon , 393, 395, 397, 401, 400 
Branchial crown, 336 ; regeneration of, 
283 

Bra n chiofoddla, 370 

Branchiomma , 337 ; gills, 261 ; eyes, 272; 

B. myilans on A phrrslite, 299 
Branchiura , 352, 361, 367, 378 f.; trans- 
verse section, 363 

Braun, on Platyhelinintlies, etc.. 6 n., 55 n., 
62, 94 

Brettia, 525, 527 
Bristles = Cliaetae, r. 

Bristle- worms, 24 1 

British, Polydadida, 19 ; Tricladido, 42 ; 
Rhabdocoelida, 49 ; Nemertinea, 100, 
110 f. ; Polychaeta, 306 f. ; Earth - 
worms, 390 ; Leeches, 393 ; Gephyrea, 
449 ; Polyzoa, 488 n„ 505, 523 f. 
Brood-pouch, of Spirorbis, 261, 276, 341 ; 
of Salnuicin", 276 ; of Entoprocta, 487, 

507 

Brood-sac, of Auto1yt.au, 275; of Myria- 
nida , 280 

Brown body, in Polyzoa, 468, 471 f., 472, 
489, 496, 510, 514 

Brown tubes (nepliridia'), of Sipunculoidea, 
415, 417, 423, 425 ; of Echiuroidea, 
435, 437, 439, 441 ; of Epitlietosomat- 
oidea, 445 ; used as generative ducts, 
418, 438 ; absent in Priapuloidea, 430 
Bryozoa, 475 

Buccal regiou, in Polychaeta, 249, 250, 
269 ; of Nereis dirersicolor , 248 ; of *V. 
cultcifera, 316 

Buchanan, on marine muds, 423 
Buchholzia, 359 

Budding, in Syllidae, 279, 283 (see also 
Gemmation) ; in Polyzoa, 467, 514 (see 
also Polypide-hud) 

Bugula, 467, 468, 477, 481, 515, 517, 518 , 
519, 526 ; avicularia, 483, 485 ; larva, 
511 

Bunge, on respiration in Nematoda, 130 
Biirger, on Nemertinea, 109, 112 ; on 
Nectonema, 168 ; on Hirudinea, 397, 403 
Burrows, of Polychaeta, 285, 304 ; of 
Cirratulus, 286 ; of Nereis , 286, 316, 
317 ; of Arenicola, 333 ; fossil, 302 ; of 
Earthworms, 368 ; of Sipunculus , 426 
Bursa seminalis, in Rliabdocoels, 48 


Busk, on Polyzoa, 465 n., 475, 487, 519 
Buskia, 533 

Butschli, on Nematoda, 137 
Byraophlebs , occurrence, 44 ; British 
species, Jf/O 

(Jab ere A, 487, 5 18, 526 ; vibracula, 486, 
517 

Caecum, in Polyzoa, 499 
Calathns, host of Gordins, 172 
Calceostominae, 73 
Caleeostomum , 73 

Caldwell, on Phonmis, 454, 456, 461 
(Jalicotyle, 73 

Collidin '', , 201, 202, 204, 218, 219, 333. 
225, 227, 230 

CaUiobothrium, 76 n. f 91 : larva, 77 
Calotte, of Dicyeniids, 93 
Calyx, 488 

Camerano, on development of Gordius , 170 
Capitella , 331 ; peristoinium, 263 ; special 
chaetae, 267, 268 ; habitat, 286 ; 

colour, 291 ; O. cimtata , distribution, 
299 

Capitellidae, 358, 331 , 373 
Capitelliformia, 358, 9 305 ; guaniu in, 
253 ; body, 259 ; buccal region, 269 ; 
siphon, 272 ; ciliated organs, 272, 273 ; 
genital organs, 273 
Candms, host of Gordius , 172 
Car India, 112 ; British species, 113 
Carinellidae, side organs of, 107 
Caruncle, of Amphiuomidae, 260, 273 n„ 
318 

CaryophyUaei'8, 91 ; C. mutubilis , 77 
Castalia , 308 ; distribution of, 300 
Castings, of Polychaeta, 285 ; fossil, 302 ; 

of Arenicola, 333 
Castrcula, 44, 49 

Cut, parasites of, 80, 125, 130, 140, 143, 
144, 145 

Catenicdla, 518, 519 
CatemUa, 49 
Cathypna, 225 
Cathypnidae, 225 

Celia ria, 479, 515, 518, 519, 526 ; zooecia 
and avicularium, 482 

Cdlepor", 518 , 527, 528, 529 ; avicularia, 
483, 517 
Cdlepf/rella, 529 
Cdlulwria, 518 , 527 
Cellularina,' 518 
Cement-glands, of Rotifers, 205 
Cephalic slits, of Nemertinea, 101, 104, 107, 
111, 112 

Cephalisation, in Polychaeta. 263 ; iir 
Oligochaeta, 377 
CephalodiacuH , 461 f. 

Cephalopods, parasites of, 78, 92 ; list of, 
containing Dioyemida, 94 
Cephalosiphon, 205, 221 
Ctpbalothrisc , 112 
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Ccrcaria, 13, 60, 37, 71 1‘. ; C. macroeerea , 
72 ; C. cystoph-ora, 72 
Cercyra , 42 

Cerebral organ, of Ncmertinen, 107 ; of ] 
Gephyrea, 417 

Cercbratid.vs, 101, 111, 114 ; British 

species, 111 

Cerfontaine, on Earthworms, 349, 350 
Cestoda, characters of the group, 5, 74 ; 
nature of, 76 f. ; occurrence, 77-82 ; 
life-histories, 83 ; structure ami develop- 
ment, 84-89 ; synoptic table of, 89 f. ; 
classification, 91 
Cestodariidae ( = Monozoa), 91 
Cestoplana, 17, 18, 19 
Cestoplanidae, 19 

Gliaetae, 241 ; of Polychaeta, 266, 267 ; 
provisional, 274 ; of Nereis, 246, 247 ; 
of lieteronereid, 276, 277 ; jointed, 246 ; 
natatory, in sexual Syllid, 278, 307 ; 
iridescent, 268, 291, 312 ; palmate, of 
(Inabangia, 339 n.; colour, 291 ; genital, 
of Capilelln, 331 ; of Sfenias-pis, 336 ; 
special, of Polydora , 261, 267, of Chae- 
topterns , 267, 324 ; of Afyzosftnna, 342 ; 
of Oligocliacta, *347, 300, 301, 352 ; 
penial, 362; of Microdrili, 375 f.; of 
Megadrili, 381 f.; of Lumbrieidae, 309 , 
390 ; of Leeches, 395, 396 ; ( = hooks), 
of Ecliiuroid Gephyrea, 434, 435, 438, 
440 f., 446 
Chaetifera, 445, 446 
C/uietobmnchuH , 352 
Chaetogaster, 356, 377, 401 
Cliaetognatha, 186 f., 534 ; anatomy, 186 ; 
development, 189 ; habits, 189 ; classi- 
fication, 191 ; key to, 193 ; American 
species, 534 
Chaetonotiis, 232, 235 
Chactopocla, 241 f.; as food for Ncnicrtiiien, 
115 

Clmetopteridae, 258, 323 
Chaetopterus, 304 ii., 323 ; anatomy, 323 f. ; 
special chaetae, 267 ; larva, 274, 325 ; 
pigment, 292 ; phosphorescence, 290 , 
296 ; commensals of, 298, 478, 533 ; 
Ch. variopedatus, 324 
fihaetosovm, 108 
Chaetosomatidae, 158 
Chaetosyllis, form of head, 278 
C/uxetozone , 828 ; uncini, 268 
Chaetura, 285 
Chalk, Serpulids of, 301 
Charles, on male guinea -worm, 148 
Cheilostomata, 477 , 506, 518 , 519, 525, 
526 f. ; occurrence, 478 ; extemal 
character (see also Avicularium and 
Vibraculum), 481 ; ovicells, 507 ; re- 
production, 507 f. ; larva, 511 ; fossil, 
521 • 

Chiaje, Delle, on Gephyrea, 41 1 
Chickoff, on Triclads, 4 1 


Chironomus , host of (lord ins, 172 
Cliitin, 249, 267 ; in coeloinic cor|mscles, 
252 

Vhloeia , colour, 291 

( -hlorhaeinidae, 258, 305, 834 , 336 ; 

clilorocruorin in, 252 ; head, 266, 262 , 
264 ; palps, 260 ; tentacles, 262 
Chlorocniorin, 252, 334 ; colour due to, 

291 

Choue , 338 
C/wrizopora , 530 

Cilia, 3 ; of Leptoplana , 10, 11, 12, 15 ; 
of Polyclads, 23, 25, 26 ; of Muller's 
larva, 29 ; of Laud Planarinns, 33 ; of 
Planar iu laetea, 35 ; of Tnimocephida, 
53 ; of Tretnutode-larviic, 3, 09 , 60 , 60 ; 
of Cestodc-larvae, 87 ; absent iu certain 
groups, 124, 396 ; of Rotifers, 202 f. : 
of Archiaiinelida, 243, 244 ; of Kcliiu-' 
roidea, 434 ; of Phui'oais , 453 ; of 
Polyzoa, 467, 470 

( Ciliated, lappets, of Pterosyllis, 273 u. ; 
pits, of Palygardius, 244 ; pits ( — nuchal 
organs), of Polychaeta, 272 f. ; organs, 
of Capitellifonma, 305 
Cingulum, in Rotifers, 202 
( ’irratulidae, 258, 325 ; gill, 265 : tentacu- 
lar filaments, 304 n. 

Cirratidus, 328 ; burrows, 286; pigment, 

292 ; colour, 293 ; viviparous, 276 ; i\ 
ientaculatus , , 326 

Cirri, of Nereis , 246 ; of Polychaeta, 265 ; 
of Myzostoma , 342 ; anal, 259 ; nuchal, 
of Eunicidae, 318; peristomial, of Nereis, 
248; nerves to, 254 ; of Polychaeta, 263 
(Jlfutneora, with Myxieofa, 294 
Claparcdc, on Jlcteronereis, 276, 277 ; on 
Earthworms, 347, 355, 356 
( ■bins, on Nematoda, 138 ; on Seisonnceae, 
225 n. 

( llepsine . — sec (ilossiphun in 

Cfitellio, 366, 378 

iHueosiphtm , 424, 425, 429 

(’lover sickness, 155 

Clymene, 833 ; V. ehiensis, tube, of, 287 

Cly mcnidac — see M aldanidac 

Ombangia , 284, 339 n. 

Cobb, on Nematoda, 131 u., 13S 
Cobbold, on Nematoda, 140 
(■ obitis , host of Uordivs, 173 
CorJdea re, 225 

( 'ocoous, of Trielads, 40 ; of Oligocliacta, 
364, 360 ; of Leeches, 404 
Coelom — sec Body-cavity 
Coeloinic fluid, of Polychaeta, 252 ; as 
cause of colour, 291 
(Joefojms, 225 
Cohn, on Rotifers, 198 
Collar, peristomial, of Babe 11 id ae, 336 ; of 
Gephyrea, 421 ; of Ctenostoin&ta, 470, 
477, 480 , 481 

Colonial nervous system, 471 
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Colony, pf ' Myrionida, 281; of Syllis 
ramosa, 282 ; of Polyzoa, 466 
Colour of Polyclads, 20 ; of Land Planarians, 
33 ; of Nemertinea, 102 ; of Polychaeta, 
291, 314, 340 
Coluridae, 207, 225 
Colurus , 826, 226 
Comatula , as host, 3,42 
Commensal, Polychaeta, 297 f., 323, 325 ; 

Gephyrea, 428 , 429 ; Polyzoa, 489 
Conn, on development of Gephyrea, 419 n., 
441, 444, 447 

/X«m IQ 

Conocliilm, 202 , 203, 205, 215, 221, 226 
Conocyema, hosts of, 94 
Cmivolnta, 45 ; British species, 43, 49 ; C. 
hemeni , pelagic habit, 43 ; C. roscnfensis, 
assimilating tissue, 43 
Copepoda, on Polychaeta, 299 
Copens, 215, 224 
Coral reefs, Polychaeta in, 293 
Corallina ( = Coralline Alga), 14, 488, 516 
Coralline, 465 
Coralline Crag, 465, .521 
Corallobuthri it )tt , 9 1 
Corethra, host of Gordius, 1/2 
Cori, on Phonon's, 451 f. 

Cornu Hies, 302 
Cotylea, 16 f., 17 , 18 
Cotylogaster, 72 
Cotyloplana, 35 
Cmtermnurplm, as host, 282 
Crayfish, Temnocephala associated with, 
53 

Creeper, 317 
Crepina , 450 

Cretaceous, Polyzoa, 520, 521 
Cribrilina, 518, 524 , 528 
Crinoids, as hosts, 341 
Criodrilus , 358, 366, 280 
Crisia, 471, 478, 479 , 480, 507, 518, 531 
Crisiidae, 517 
Crisp, on Parasites, 164 
CrixfMeUa, 494 f., 495 , 499, 501, 503-505, 
512, 518 ; attacked by Planarians, 486 ; 
movements, 494, 496, 498 ; fission, 496, 
506 ; statoblast, 502, 503 ; larva, 512 
Crossopodin, 302 
Crotchets, 266, 267 , 305, 322 
Crustacea, parasites of, 174, 179, 182 
Cryptocelis , 19, 24 

Cryptocepliala, 258, 303, 305 ; vascular 
system, 252 ; prostouiiuni, 259 ; tenta- 
cles, 263 ; eyes, 272 ; food, 296 
Cryptodrilidae, 357, 362, 373, 382 
Cryptodrilus, 372, 382 f. 

CtenodrUus, 373 
Ctenophores, as hosts, 298 
Ctenostomata, 470, 477, 479, 480 , 518, 
532 ; occurrence, 478 ; in fresh water, 
492 ; external characters, 480 ; repro- 
duction, 507 ; larva, 511 ; relation to 


Phylactolaemata, 493, 502 f. ; fossil, 
521 n. 

CucuUanus , 136, 142 , 163 ; C. elegant, 
143, 161 

Cucumaria, os host, 298 
Cuenot, on Gephyrea, 416 n. 

Cuticle, of Nemathelminthes. 125, 165, 
175 ; of Rotifera, etc., 205, 233, 236 ; of 
Polyzoa, 470 — see also Epidermis 
Cuvier, on Oligochaeta, 352 ; on Gephyrea, 
Cydatella, 489 [411 

Cyclicobddla, 392 
Cydoporu8, 19, 22, 24 
Cyclops, parasites of, 143, 148, 161 
Cyclorhagae, 238 

Cyclostomata, 477, 479 , 606, 517, 518, 
525, 531 ; occurrence, 478 ; external 
characters, 480 ; ovicells, 507 ; repro- 
duction, 507, 511; larva, 511 ; fossil, 
520, 521 

Cydippe, as host, 298 
Cylindroecium , 533 

CylindrostwMi, 46 ; British species, 50 
Cyphonautes, 509, 510, 512, 520 
Cyprina, Malacobdella found on, 119 
Cyrtonia, 224 • 

Cyst, of Land - Planarians, 33 ; of Myzo - 
stoma, 342, 343, 344; (capsules), of 
Acolosovm, 370, 375 
Cystihranchus , 395, 400 
Cysticereoid-larva, 83, 85, 88 
CysticcmM- larva, 79, 80 ; list of, 83 ; C. eel- 
lulosoe, 79, 80 ; C. pisifornns, develop- 
ment, 81, 85, 89 
Cysticolous, Myzostomaria, 344 
Cystoidotaenin.oe, 91 
Cystotaeninae, 91 

llACTYLOd VRUS, 73 

Dalyell, on habits of Turbellaria, 6, 10, 
20 ; on regeneration in Polychaeta, 283 ; 
on tulies of Polychaeta, 287 ; on Hiru- 
diuea, 405 n. ; on larvae of Flnslra, 466 ; 
on Cristalella , 496 

Danielssen and Korcn, on Gephyrea, 442, 
444 

lJaphnia, Rotifers attached to, 227 
Dapidia, 225 

Darwin, on Earthworms, 354, 359, 368 
Dasybranchus , 331 ; gill, 268 
Dasychone , 338 ; gills, 261 ; eyes, 272 ; 

regeneration, 283 
Dasydetes, 232 , 235 
D&vaine, on Nematodo, 140, 145 
Davainea , 91 ; 7). friedbergeri, 84 ; D. 
madagascariensis , 80, 84 ; 7>. proglottinix „ 
life-history, 84 • 

Davenport, on Urnaidla, 491 

Davis, on Rotifers, 227 

Deep-sea, Polychaeta, 300 ; Polyzoa, 478 

DeinodHlus, 351, 384 

IJelagia, 478 n. 
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Dendrobaena , 382 
Dendrocoelum, 30, 35, 39 
Dendrostoma, 422, 425, 428 
Dendy, on Land Planarians, 33, 34, 38 
Denticles, 248, 250, 316, 522 
Dero, 352, 377 
Derostoma , 44, 50 
Desmogaster , , J£0 
Desmoscolecidae, 159 
JJesmoscolex ■, 109, 258 
Desor, on Nemertine development, 99 ; 
Type of, larva, 113 

Development, of Polyclads, 28 ; of Nemer- 
tinea, 99, 113 ; of Nematoda, 135 ; of 
Gordin#, 171 ; of Acanthocepliala, 179 ; 
of Chaetoguatha, 189 ; of Rotifers, 218 ; of 
Archiannelida, 243, 245 ; of Polychaeta, 
274 f. ; of Oligocliaeta, 365 ; of Lceelies, 
399 ; of Gephyrea, 419, 432, 439, 447 ; 
of Phoronis , 458 ; of Polyzoa, 506, 509 
— see also Life-liistory and Larva 
Dutch aeta, 366 

Diaphragm, of Nereis introvert, 250, 251 ; 
of Terebellidae, 304, 327 ; of Polyzoa, 
469, 470, 500, 508 
Dimchizo, 225, 22§ 

Diastopora , 518, 531 
Dichogaster, 362, 383 
Dididophora, 73 
/ Hcotylus , 32, 35, 36, 1/ 1 
Dicramjtaenia, 91 ; D. com 11 id a, life- 
liistory, 84 

Dicyenia, 93 ; vermiform larva of, 92 ; 
hosts of, 94 

Dicyeviennea , 93, 93 ; hosts of, 91 
Dicyemidae, 92 f. 

Didymogaster, 383 

Duly hu mum, 73; D.thynni ( -- Mouostonoon 
hipartitum), 71 
Didymozoontidae, 73 
Digaster , 358, 359, 382 f. 

Digcnea (Digenetie Trematodes), 5, 52, 62, 
73 ; occurrence and habits, 62 ; life- 
histories, 63 f., 71 f. 

Digestive system, of Leptoplana , 11, 12 ; 
of Polyclads, 24 ; of Trie bids, 37, 39 ; 
of Rliabdocoelida, 42 f. ; of Teimwcephala , 
53, 54 ; of Polystommn , 57 ; of Din Io- 
nium, 62 ; absence of, in Cestodes, 74 ; 
of Nemertinea, 103, 103, 104 ; of Nema- 
toda, 130 ; of Gordiidae, 166, 169 ; of 
Chaetognatha, 187 ; of Rotifers, etc., 209, 
233, 237 ; of Archiannelida, 243 ; of 
Polychaeta, 249, 269 ; of Oligocliaeta, 
358 ; of Hirudinea, 396 ; of Gephyrea, 
414 ; of Phoronis , 454 ; of Polyzoa, 
468,4690 487 
Digitibranchus, 353 
Diglena, 212, 217, 224, 226 
Digonopora, 16 fj 

Dimorphism, in Polystomum, 59 ; sexual, 
of Trematodes, 70 ; of Orthonectida, 95 ; 


of Dinophilus, 243 ; of Polychaeta, 276, 
279 f.j of Gephyrea, 438 
Dinocharididae, 225 
Dinocharis , 225 

DinqphUus, 242 ; I), tae Hiatus, 242 ; 1). 

gyrociliatus , sexual dimorphism, 243 
Dinops , 223 
Diopatra, gill, 318 
Diphyllinae, 91 
iJiplax , 225 
Diplectanum , 73 
DiplobothHuni, 75 
Diplocardia , 385 

Diplodiscus, 73; D. ( Ainphistoinum ) snh- 
duration , life-liistory, 71 
JJiphxj aster, 154 
Diplois, 225 
Diplostom ion , 7,1 

Diplozoou , 55, 60, 73 ; life-history, 60, 61 ; 

reproductive organs, 60 
Diporochaeta , 381 
Di par pa, 60, 61 
Diporvla , 528 

Dipyluliu at r 81, 91; life -history, 83, 88, 
89 ; specific characters, 90 
Disc, in Rotifers, 200, 202 f., 202 
Discharge, of genital cells ; Nemertinea, 
116 ; Archiauuelida, 244 ; Polychaeta, 
256, 274, 275 
Discobdvlla , 226 
Diseocel is, 19, 23 
Discodrilidae, 350, 370, 392, 395 
Disco pus, 201, 223, 226, 227 
Dispharagus, 147, 149, 163 
Dispiutkcra , 225 
Distennna, 212, 234 , 226 
Distomutidac, 73 

Distiwnun adveua ( — D. migrants), life- 
history, 71 ; D. append iculatum, life- 
history, 71 ; D. asculia, life-history, 71 ; 
D. atriventre , life-history, 71 ; D. brachy- 
sonuon, life-history, 71 ; D, bnskii, 63 ; 
D. emulation, life-liistory, 71 ; D. elavi- 
gerwm, life -history, 72 ; 1). conjunct urn, 
63 ; D. crassvm, 63 ; D, eygnuides, life- 
history, 72 ; D. cyliudraeeum, 72 ; D. 
dinifnphion, 72 ; D. echinatum , 63 ; life- 
history, 72 ; I), echinri, 444 ; D. endn- 
lobum , life-history, 72 ; D. excavation, 
63 ; 1). ferae, 63 ; 71. gfobiporum, life- 
history, 72 ; 71. hums , 63 ; 7i. hepatiemn 
(liver-fluke), 3, 63, 67 f., 72; D.hetero- 
phyes , 63 ; D. hystrix, life-liistory, 72 ; 
D, japonicum ( = D. spathidatum), 63 ; 
D. lanceolatum, 63 ; 71. luteum, excre- 
tory system of, 62 ; 71. macrostomwn , 
life-history, 64, 65, 72 ; 71. magnum, 68 ; 
D. militare, life-liistory, 72 ; D. nodu- 
lo8um, life-history, 72 ; D. ocidi-humani, 
(=71. ophthalmobium), 63 ; 7). ovocauda- 
tum , life-history, 72 ; 1). pulmonale, 63, 
70 ; 71. rathouisi, 63, 70 ; Z). retusuw, 
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life-history, 72; 1). rinyeri ( —D. pul- 
monale ), 63 ; J). siynatnm , life-history, 
72 ; J). sine use, 70 ; J). spathulatiun, 
63 ; 1), st/uumula, life-history, 72 ; J). 
friyonoceplmfum, life -history, 72 ; J). 
wester mann l ( = J). pulmonale), 63 
DIM if l a, 325 
Dithy valium, VI 
bitrupa , 301 
biuret-la , 225, 226 

bochmins, 133, 135, 142, 160, 163; b. 
rernnu , 113 ; J). duodenal is, 143, 163 ; 
b. stenorephala , 143 ; I), triyontrep/uda , 
113 

bodecacevia, 287, 327 

Dog, parasites of, 80 f., 90, 125, 140, 142, 
113, 145 

Do/ ' iehoplana, 37, If* 

Domestic animals. Trematodes of, 67, 68, 
70, 72 ; Ces lodes of, 81, 89 ; Nema- 
todes of, 139 f., 163; Acanthocephahi 
of, 181 

bomopova , 531, 532 
Dorsal ciliated organ, 247, 254, 256 
Dorsal pores, 348 
bory/aimus , 131, 157 , 160 
braeunculus , 131, 135, 147 
Drepanidotaenia , Dl ; 1). antdiuu , life- 
history, 84, 85 ; />. yracilis , />. infnn- 
diladiformis , />. setiyem 9 life-history, 84 
brepanopkorns , excretory system, 108 ; 

British species, / lU 
Drilophugidae, 

brilopltayus , 204, 210, 212, 227 

Dugcs, on Pluuariuus, 6, 10 ; on Oligo- 
ehaeta, 368 

Dujardin, on Rotifers, 198 ; on Uastro- 
trieha, 231 ; on Kiiiorliyncha, 236 
Duplicature, 499, 500 
bnthiersia , .9 / 

Dwarf males, of Myzosloma, 344 ; of 
(Jepliyrea, 438 

Eau-cockf/h, 155 

Earthworms, 317, 365 ; senses, 354 ; food, 
359 ; elfect on the soil, 368 ; distribu- 
tion, 369 f.; classification, 380 f.; British, 
390 — see also Oligochaeta 
Ebrard, on llirudinea, 393 
Eeheneihothnum , VI 
Echinella , 7*1 

l Cehinobothrium , 74, 75, 85, VI. 
Echinococcus, 80, 83 
Echinocolyle , 0 / 

Kchinoileres , 236 f., 236 
Eehinorliynchidae, AV;2 
Echinorhynchus urns , 175, 179 ; anyns - 

tat us, 174, ; A?, cla vula , ; A’. 

Imeruca, 176 ; A’. I in stood,, 183 ; A’. 

lutzii, 183 ; A’, moniliformis , AVJ ; A. 
protens, 174, 180, 181, 182, 182 
Eehinosiphon, 424, 129 


Echiuroidea, 241 n., ^2^, 434, 446 ; an- 
atomy, 434 f. ; classification, ; de- 
velopment, 439 ; parasites, 444 ; habits, 

442 • 

Echinr ns, 336, 411, 435, 440, HI : de- 
velopment, 439 

Eckstein, on Rotifers, 198 
Eel ipidrilus, 380 

Economic uses, of Polyehaeta, 296, 297 
Ectocyst, 469, 470, 523 ; of Phylacto- 
laemata, 496 f., 503 
Ectoderm, of Mesozoa, 93, 95 
Ectoparasitic Trematodes, 4, 52, 53 
Ectoprocta, 475, 518 ; strue.tnre, 469 ; 
lophophore, 476 ; reproduction, 506 f. ; 
larva, 509, 510, 511 ; compared with 
Entoprocta, 488 

Effects, of parasites on their hosts, 56, 68, 
69, 80, 94, 162 

Eggs, of Leptoplaua , 10, 16 ; of Polyelads, 
28 ; of Trielads, 33, 40 ; of Rhubdn- 
coels, 47, 48 ; of Termatodes, 52 ; of 
cetoparasitic Trematodes, 54, 58, 60, 61 ; 
of endoparasitic Trematodes, 63, 69 ; of 
Cestodes, 87 ; of Ortliouectidae, 95 ; of 
Nemertiuea, 116 ; qf Nematoda, 135, 
162 ; of dunlins, 171 ; of Acantlio- 
eephala, 179 ; of Chaetognatha, 1S9 ; 
of Rotife.ru, 200, 216 f. ; of (Jastrn- 
tricha, 234 ; of Nereis, 256 ; of Poly- 
chaeta, 274, 275 ; of Phyllodocids, 31 i ; 
of Salop! os, 321 ; of Myzostoma , 343 ; 
of Polyzoa, 506, 507 

Elirenherg, on Turbellaria, 3, 6 ; on Roti- 
fers, 198, 220 n., 228 ; on Gastrotrielia, 
231 ; oil Polyzoa (Bryozoa), 475 
Eichhoru, on Rotifers, 197 
Eisen, on Oligochaeta, 380, 390 
Eisig, ou Capitellidae, 373 ; on lionet/ it/, 

443 

Elect ya, 481, 518, 523, 530 ; larva, 509, 
510 ; variation, 516 

Elytra, of Polynoids, 265, 292, 294, 298, 
299, 309, 310, 311 ; phosphorescent, 
295, 296 ; as lirood -pouch, 275 ; of 
Aphroditidae, 266 ; arrangement of, 309 ; 
of Sigalionina, 313 
Enantia , 16 n., IV 
Enantiidae, 7 V 
Enchelidium , 157 

Enchytraeidae, 359, 360, 361, 366, 367, 
370, 375 

Enchytraeus , host of dunlins , 173 
Encotylabe , 73 ; eggs of E. pay el l i, 58 
Endocyst, 471 

Eudoderm, of Mesozoa, 93, 95 

Endoparasitic Trematodes, 4, 56, 62 

Enopla, 109 

Enoplidae, 157 

Enoplus , 157, 16p 

Entalophora , 5 IS, 532 

Enleroploea , 334 
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A hUerostoma, 46 ; British .species, 50 
Entoprocta, 475 , 479, 487 f., 518 ; lopho- 
pliore, 476 ; reproduction, 506 ; larva. 

609, 51Q 

Eosphora, *216, 218, 224 
Ephemera, host of f/ortfius, 17*2, 176 
Ephesla, 321 
Epibdella, 56, 73 

Epidermis, of Leptoplana, 11, 12 ; of Poly* 
clads, 20, 25, 29 ; of Trematodes, 56 ; 
of Cestodes, 85 ; of N cmertinea, 10‘2 ; of 
Ncniatoda, 125 ; of Acauthoeephuhi, 
175 ; of Serein, 249 ; of Oligoehacta, 
849 ; of .Leeches, 396 ; of Gephyrcn, 
414; of riionmis, 454 — see also Hypo- 
dermis 

Epigamous, phase, of Serein, 277 n. ; worms, 
281 

Epistome, in J*ho ranis, 453, 466 ; in Pliy- 
Iaetolaemata, 476, 476, 499 ; in larva of 
Loxosoma, 609 
Epistomia, 5 IS, 526 
. Epithelosoma, 444, 446, 449 
Epithetosoinatoidea, 412 , 444 
Epitokous, phase, of Sere is, 277 u. 
Ereluiia, 225, 220 
Eriographidae, 25S, *138 
Erpocotyle, 73 
Errautia, 258, 285 
EseJmra, 516 
Escliarina, 51S 
Esrharnules, 52 7 
Kuohlanididae, 225 
Euchlanis, 225, 226 
Encratea, 5 IS, 525, 527, 528 
Eudrilidae, 359, 360, 380, 3S5, 103 f. 
Eudrilus, 354, 385, 403 f. 

Euichthydina, 235 

Eulalia viridis, 3 74; pigment, 292 ; colour, 
293 ; eggs, 314 n. 

Eumenia, 334 

Eunice , 318, 319 ; uephridiiiiii, 254 ; eye, 
255 ; head, 262 ; parapodium, 264 ; gill, 
265 ; eliaetac, 266, 267 ; jaws, 270 ; sub- 
stance of tube, 290 ; commensal, 298 ; 
E. tibiana, 290 

Eunicidae, 258, 318 ; palps, 260 ; tentacles, 
262; jaws, 270; tube, 285, 290 ; colour, 
291, 292 ; parasitic, 297 ; tubes con- 
taining Polyuoids, 298 ; Palaeozoic, 302 
Eunicites , 301, 302 

Euphrosyne, 318 ; parapodium, 266 ; 

chaetac, 267 
Eupolia, 113 
Enpolyzoa, 461 

Eurycercus, shell of, inhabited by Rotifers, 
EurykpUt, 19 [227 n. 

Euryleptidae, 19 
Eurythoe , 318 

Eustrongylus gigas, 142 ; E. tubife.r , I 42 | 

Eusyllis, reproduction of, 2T8 J 

Excretion, as cause of colour, 291 


Excretory system, of Leptoplana, 1 3 ; of 
, Polyelads, 25 ; of Triclads, 41 ; absent, 
j in Acoela, 42 ; of Temnorrphala , 54 ; of 
j Digenea, 62 ; of Cestodes, 86 ; of Ne- 
mertinea, 108, 108 , 120 ; of Nematodes, 
133; of Acanthocepliala, 177; of Roti- 
fers, 199, 213 ; of (iastrotrielia, 234 : of 
I Kinorhynchii, 237 : of Polyeliaetu, 253 ; 
i Polyzoa, 472 f.- -sec also Ncphridimu 
; E.rogone, 3 08 : attachment of eggs, 275 ; 
j reproduction, 278 

! Eyes, of Leptoplanu, 8, 15 ; of Polyelads, 
26, 27 ; development of, 30 ; of larval 
Polystomatidae, 59, 60 ; of Xcmcrtinea, 
102, 1 06 ; of Nematodes, 1 28 ; or (ford ins, 
166 ; of ('haetognatlia, 188 ; ol'Rotifera. 
215 ; of (.iastrotrielia, 234 ; of Kino- 
rhyneha, 238 ; of Polychaeta, 255, 272, 

! 314, 337, 339; of Oligoehacta, 354 ; of 

Leeches, 393, 394, 395 ; of Ccphyrcu, 
117 ; of Polyzoou larva. 509 

Fa man a, 339 ; eyes, 272 ; otorvst, 278 
Faecal groove, of HabclJids, 337 
Fans, of C, haetoptrras . 295. 324 
Faraday, on asexual reproduction of IMan- 
j ariae, 6, 40 11 . 

! Farit?, on i'oly/.oa, 500, 508 
Fa nulla, 500, 518, 538 
Fasriola, 67 

Feeampia, life-history, 45 
Felt., of Aphrodite, 268, 312 
Fertilisation, of Ncinertiiica, 117 ; of Ne- 
matodes, 135 ; of ( lordiidae, 171 ; of 
Acaiitlioccphala, 179; of (/haetognatlia, 
188; of Hot iters, 217 
Filaria, Up, 163; F. atlenaata, 184 ; F. 
ey.sf.ica, 142 ; F. dentientuta, 125 ; /*’. 
i mm it is, 148; l'\ fuhiatn, 163; F. Inti 
eavdata, 125; F. lou, 149; F. medi- 
nensis, 147, 157, 163 ; F. sanguinis 
hum inis, 149, 163 ; F, jmpitlosa, 163 
Filar iidae, UP 

Filifjrana, 340 ; fission in, 281 ; tubes, 290 
Fimbria tenuis, 157 

Fischer, on branchiae in (Jcphyrea, 416 11 . 
Fishes, Trematodes of, 4, 53, 55, 62, 64, 
71, 72 ; Cestodes of, 77, 84, 85 ; Nenm- 
tlielininthes of, 142, 143, 119, 163, 178, 
182 

fission, in Jii/taf turn, 34 ; in Phiuariac, 
40 ; in Trirlmplae, 96 ; in Satinet to, 
96 ; in Polychaeta, 278 f., 279 , 280 , 
282, 340; in Oligoehacta, 374, 375, 377 ; 
in Phylactolaemata, 496 ; in embrvos, 
365, 511 

FissureUa, as host, 298 
FlabeUigem, 334 

Flame-cells, in leptoplana, 13 ; in Tlup 
sarwznon, 25 ; in Triclads, 41 ; in Ten - 
nocepha/a , 54 : in Polystomatidae and 
Tristomatidae, 56 ; in Jtisfomnm luteum, 
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62 ; in Cestodes, 86 ; in Nemertinea, 
108, 109 ; in Rotifers, 213 ; in Urna- 
tella , 491 

Fletcherodrilus , 382 

Floscidaria, 200 , 203, 205, 220, 221, 226 
Flosculnriaceae, 202, 211, 213, 220 
Flosculariidue, 201, 203, 205, 220 n., 221, 
230 

Flukes, 51 

Flustra, 465, 466, 467, 472, 473, 477, 515, 
5 IS, 526 ; avicularia, 482 
Flustrella , , 467, 477, 518, 532 ; larva, 513 
Flustrina, 518 

Food, of Turbellaria, 4 ; of Leptopluna , 
10; of Folyclads, 24 ; of Triclads, 37 ; 
of Acoela, 43 f. ; of Rhabdocoela, 45 ; 
of Trcinatodes, 4, 52, 62 ; of Temnoce- 
phula, 53 ; of Cestoda, 5 ; of Nemcr- 
tiuca, 115 ; of Nematodes, 131 ; of 
Acanthocephala, 177 ; of Chaetognathn, 
190 ; of Rotifera, 207, 212 ; of Gastro- 
tricha, 234 ; of Polycliaeta, 296 ; of 
Earth worms, 359 ; of Leeches, 393, 
406 f. ; of Gephyrea, 422, 443 ; of 
Polyzoa, 467 

Foot, in Rotifers, 200, 201 

Foraminifera, as food of Polycliaeta, 296 

Forceps, of Eunice, 270 

Forcipate, 210, 211 

Formula, for Ncmatoda, 138 

Fornix, 481, 517, 525 

Fossil, Polycliaeta, 301 ; Polyzoa, 520 ; 

Nemertinea, absence of, 119 
Frcdericclla, 476, 194, 502-505, 518, 519 ; 

lophophore, 495 ; st.ato blast, 502, 503 
Frenzel, on Trematoda, 62 ; on 8a! in cl ht, 
96 

Fresh -water, Turbellaria, compared with 
marine, 46; Nemertinea, 101, 118; 

Polycliaeta, 284 ; Polyzoa, 492 
Friend, on Oligochaeta, 388 n. 

Frogs, Trematodes of, 55, 58, 62, 71 f. ; 

Nematodes of, 140, 142, 160, 173 
Frontal organ, of Nemertinea, 107 
Frontal palps, of Euuicidac, 318 f. 

Frontal ridge, 260 

Frullania , inhabited by Rotifers, 227 
Fulcrum, in Rot i lias, 210 
Funicular tissue, 471 
Funiculus, 469, 471, 472, 499, 501 
Fnrcnlaria , 216, 22//, 226 

Gamiilk, on Platyhelminthes, 3 f. ; on 
Mesozoa, 92 f. 

( iamnuirus , Rotifers attached to, 227 
Gapes, cause of, 144 

Gardiner, on development of Acoela, 44 u. 
Gasterostomatidae, 72 
G aster ostomum , 73 ; G, fnnbriatum , life- 
history, 72 ; G. yracilescens, 72 
Gastrocnh/lc, 73 
Gait rod iscus, 73 


Gastrothyla.c t 73 
Gastrotricha, 231 f. 

Gegenbaur, on Nemcrtinc development, 
99 

Gemellaria, 518 , 526 

Gemmation, 281 ; in Syllidae, 278 f., 279 , 
280 

Geobia, 37 
Geodesmns , 34, 4'2 

Geographical distribution, of Turbellaria, 
32 f. ; of Nemertinea, 117 ; of Chaeto- 
gnatha, 191, 534 ; of Gastrotricha, 235 ; 
of Polycliaeta, 299 f. ; of Oligochaeta, 
369 f. ; of Leeches, 405 ; of Geplivrea, 
426 f., 432, 441 f. ; of Phoronis , 460 ; 
of Polyzoa, 492 f., 504, 519 
Geonemertes , 101 ; description of G. cliali- 
cophora , 117 
Geoplana , 33, 38, 1/2 
Geoplanidae, 35, J/2 
Geoscolicidae, 351, 362, 380 
Gephyrea, 411 f. ; history, 411 ; external 
characters, 412, 420 f., 430 f., 431 f., 
411; body-wall, 414, 436 ; digestive 
system, 414, 422, 430, 436, 445; vas- 
cular system, 415, 421, 436 ; respira- 
tory system, 416 f body -cavity, 416, 
437, 415 ; nervous system, 416, 431, 
437, 415 ; excretory system, 417, 423, 
431, 437, 415 ; reproductive system, 
418, 431, 437, 415 ; development, 419, 
439 ; food, 422, 443 ; commensal ism, 
429 ; atlinitics, 2 1/1 n., 336, 445 f., 
512 ; British, 449 
Cenuariuiu, of Rotifers, 216 
Germ-yolk-gland, 47 
Giard, on Oligochaeta, 36. H 
Gitl, induced by Cocnurus, 82 
Gigantorhynchidae, 183 
Gigantnrhynchus gif/as, 171, 177, IS// ; 
G. cchinod iscus, G , spira, G. taenioides, 
IS//. 

Gills, of Polycliaeta, 252, 265, 268 f. ; of 
Arcnicola, 333 ; of Chlorhaemidae, 334 ; 
of Gir ratal us, 326 ; of Euphrasy tie, 265 , 
318 ; of Eunicidae, 318 ; of Nereis, 246 : 
of Sabelliformia, 260, 261 ; development 
of, 275 ; of Sidh’lla, 286 ; colour of, 294 ; 
of Sabellaria, 263 ; of Kerpulidae, 261 ; 
of Sternaspis, 336 ; of Sigaliouina, 313 ; 
of Terebellidae, 329 ; of Oligochaeta, 
352, 353 ; of Leeches, 395 ; of Gepliyrea, 
416 

Gizzard, in Rotifers, 199, 210; in Poly- 
cliacto, 271, 307 ; in Oligochaeta, 358 ; 
in Polyzoa, 477, 480 , 532 f. 

Glands, on parapodia, 249 ; ofPliyllodocids, 
314 ; oesophageal, 271, 2/2, 358 ; tube- 
forming, 287, 304, 327 
Gland shields, 287, 304, 306 ; of Sabellids, 
337 ; of Tefebelliils, 327 
Glandular papillae, of Polygordius, 244 
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Glossiphonia ( = Olepsiue), 393, 393, 399, 
404, 407 \ anatomy, 397 , 398 , 401 ; 
spermatopliore, 402 
Glossiplioniidae, 400 

i ilycera , cirrus, 265 ; habitat, 286 ; jaws, 
270 ; uephridium, 254 ; parapodium, 
264 ; prostomium, 259 ; tentacles, 262 ; 
G. capiiiUa, distribution, 299 ; G.meckdii , 

320 

Glyceridae, 258, 320 ; gills, 268 ; coelomic 
corpuscles, 253 
(wlyphidrUm , 386 
Gnathobdellac, 396 f., 407 
GnatholHlellidae, 407 
Gnathosyllis, colour of, 293 
Gobio , parasites of, 182, 183 
Goljingia , 426, 428, 430 
Goniada , 320 

Goodrich, on Oligochoeta, 378 
Gordiidae, 7 23, 164 f. 

(hmliodrilus, 383 f. 

Gordius, 164 f., 164 ; G. tolnsauus, 165 f., 
170 

Gosse, on Rotifers, 198, 209 n., 220 
Gossea , 232 , 235 
Goujon, on Trichina, 146 
Gourret, on Chaetogin^lin, 187 
Graff, von, on Rhahdocoelidn, 44 ; on 
Gcouemert.es, 101, 117 
Graff Ula, 50 ; occurrence, 45 
Grassi, on Cestoda, 80 n., 89 ; on Chaeto- 
gnatlia, 190, 193 
Grater, of Eunicidae, 270 
Greef, on Echiuroidca, 441, 444 
Gregarines, in Polycliaeta, 299 ; in 
Gephyrea, 444 

Gregory, on Polyzoa, 519, 520 
Grinder, of Eunicidae, 270 
Grube, on Oligocliaeta, 347, 352 ; on 
Hirudinea, 395 

Grubm, 308 ; attachment of eggs, 275 
Guanin, in coelomic corpuscles, 253 
Guinea- worm, 147 
Gimda , 31 ,. 41 , 42 
Gundidae, 42 

Gymnolaematn, 476, 512, 5 IS ; loplio- 
phore, 476 ; in fresh water, 492 
(jfyrator hermaphroditus , 40 
Qyrocotyle ( = Amphiptyches), 01 j G. 

rugosa , 77 ; G. urna , 77 
Gyrodactylidae, 53, 61, 73 
Gyrodactylinae, 73 
Gyrodactylm, 55, 61 , 73 

Haberlandt, on Convolula , 43 
Habits, of Platyhelminthes, 3, 7, 21, 35, 
43; of Nemertinea, 114; of Gordiidae, 
170 f. ; of Qiaetognatlia, 189 ; of Roti- 
fers, 206, 226 ; of Uastrotricha, 232, 
234, 235 ; of Polycliaeta, 285 ; of Oligo- 
chaeta, 366 ; of Gephyre^ 426, 433, 
442 ; of Phoronis, 451 

VOL. II 


Ifaemadipsa , 4 OS ; eye, 394 
Haemal fluid, 25*2 
liaematocleptes , parasitic, 297 
Uatmenteriu , 407 

Haemerythrin, 416 ; in Magclonu, 252 
Haemoglobin, in Nemertinea, 107, 108 ; 
in Chaetopoda, 252, 253, 291, 356 ; in 
Gephyrea, 437 ; in Photon is, 456 
/farm op is, 393, 407 
Ualicryptus , 432, 433 ; anatomy, 430 
Hallez, on Turbellaria, 7, 21, 40 
Ifalosydna , 298 

Hamanii, on Nematoda, 131, 133, 136 u. ; 

on Acanthoeephala, 176, 180 
Ifamingia, 435 f., 442 ; males of, 438 
Haplofminchus, 330 ; gills, 261 
Ifujtlotlisrns, 43, 40 
llaplodrili, 211 
Hares, parasites of. Ill, 145 
Marker, on Oligochaeta, 369 
Harmer, on Polyzoa, 465 f. 

Harris, on Rotifera, 197 
Hartog, on Rotifera, 197 f. ; on Gastro- 
trielia, 231 f. ; on Kiuorhyuclia, 236 f. 
lias well, on Teninoceplwilidiic, 53 ; on 
Phonal is, 451 

ilutschek, on attinities of Polyclads, 28 n. ; 
on nature of Cestodes, 76 ; on Troclio- 
pliore, 229 ; on development of Gephy- 
rea, 419, 417 

Head, of Nereis, 246, 248 ; of Polycliaeta, 
259 f. ; regeneration of, 283 ; of Tomop- 
teris , 315 ; of Aphrotfitc, 260 ; of 
Chlorhacinidae, 331 ; of Eunice, 262 ; 
of Nephthys, 262 ; of Phyl Induce, 262 ; 
of Pulydura, 261 ; of Polynoid, 262 ; 
of Sabella, 261 ; of Mnbelltvria, 263 ; of 
Syllid. 262 ; of TrophonUt, 262 
1 led run's, 163 
11 chafer obranch us, 326 
HeliudrUus, 359, 380 
lleUopura, containing Polydora, 298 
j Heller, on human parasites, 139 
I Hemichordata, 462 
1 Hemilepidia, colour of, 292 
j llemistomum, 73 
| Ifemituhifex, 378 
Ilenlea , 369 
| Ifermadwn, 299 

Hermaphrodite, Nemertinea, 109 ; Poly- 
chacta, 273 f. 

Hermellidae, 258, 341 
Hennelliformia, 258,306, 341 
Jfermione, 312 ; chaetae, 266, 267 
Hermionina, 309, 311 
Herpobdellidae, 407 
Hertwig, O., on Chaetoguatlia, 187 n. - 
Hesionidae, 258, 308 ; segments, 258; liead, 
263 ; swim-bladder, 272 ; genital organs, 
274 ; parasitic, 297 
Hesperodiilus, 352 f., 369, 378 f. 

Hesse, on nervous system of Nematoda, 127 

2 N 
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Heterakis , 131 ,13!) 

Heterocotylea, 73 
Heterotlera , 155, 160, 16 4 
Heterogamy, 66 n. 

Heteronemcrtini, 113 
Heteronereid phase, 276 f. ; chaetae, 246 , 
276 ; parapodia, 276, 277 
Heteronereis, 276 , 281 — see Heteronereid 
Heteropora , 520 n. 
lleterosyllis, 278, 279 , 281 
llexacotyfo, 73 
Hexarthra , 223, 226 
Hibernaculum, 501, 602 
Hincks, on Polyzoa, 475, 500, 508, 516, 
519, 523 
Hippothoa 528 
Hippnraria, 533 

Hirudinea, 241% 392 f. ; external charac- 
ters, 392 ; British species, 393 ; eyes, 

395 : branchiae, 395 ; alimentary canal, 

396 ; vascular system, 396 ; body-cavity, 

397 ; nopliridia, 399 ; reproductive 
organs, 401 ; cocoons, 404 ; classifica- 
tion, 405 

Ilirudiuicultiire, 393 

Hirudo, 393, 396 f„ 399, 103, 405, 407 ; 

nephridium, 400 
Hislopia, 492 
Histiodemw , 302 
H istriobdxUa , 242 n. 

// isfriodriiits, 242 n. 

Holloway, on Rotifers, 227 
Holornyarii, 137 
Holostonmtidae, 63, 64, 73 
IfolostomuHi , 73; II. eiccavalum, 63 
Holothuriau, as host, 298 
II< mutloff aster , 73 
1 lomalorliagae, 238 
Hood, of Sabellariq, 263 , 306 
Hooks, of Trcmatodes, 53, 56, 67 ; of Ccs- 
todes, 76 , 85 ; of Cestode-larvac, 87 , 88 ; 
taxonomic value in Cestodes, 90 f. 
Hoploneinertea, 106, 109, 110 ; auditory 
organs, 106, 110 ; British species, 110 ; 
characters, 110; development, 113; 
proboscis, 110 
Horner a, 513, 532 

Horse, parasites of, 68, 83, 90, 125, 140, 
142, 163 

Horse-leeches, 393 f. 

Horst, on Oligochacta, 354 
Hubrecht on Neinertiuea, affinities, 120 ; 
classification, 109 ; excretory system, 
108 ; nervous system, 105 
Hudson, on Rotifera, 197, 198, 215 n., 
220 n., 223 n., 228 
Hurisonella, 224 

Huxley, on Rotifers, 198, 229 ; on Poly- 
chaeta, 246; on Molluscoidea, 475 
Huxley a, 525, 527 

Hyalinoecia, 299, 318, 319 ; tentacles, 
262 ; composition of tube of, 290 


1 Hydathm, 199 , 200, 202 , 204, 213, 234 
226, 228 

'i Hydatinidae, 224 

| Ilymenalepis, 91 ; generic characters, 91 ; 
| //. dimimUa ( = Taenia fly/copnnctata), 

! life-history, 83 ; specific characters, 91; 

j II. nturina ( = Taenia miirina), 70; 

life-hi story, 83, 89, 91 ; //. nantt, 80 ; 
life - history, 83 ; specific characters, 
91 

Ilyocrinus, as host, 342 

// yperiod rilus, 363 f. ; reproductive organs, 

363 

Hypodermic impregnation, 27, 218 
Hypodermis ( = Epidermis) of t Jordius , 
165 ; of Rotifera, etc., 205, 232 
Hypophorella, 478, 518, 533 ; larva, 510 
II yporhynchvs, 40 
Ilyslrichis , 147, 149, 163 

Tchthymum , 235 
I Ichthyobdellidae, 406 
Ichthyonemi, 131, 147, 149, 163 
Irhthyotaeuia, 91 
; Ichthyotacninae, 85, 91 
| Jdmonea, 5 IS, 532 
| Iguana, parasites of^. 142 
! lijima, on yolk-glands, 38 u. 

| llloricata, 223 
llyodrilns, 378 ; cliaeta, 360 
! Ilyoyenin , 388 
I Imagine, , 19 
[ Inarticulate, 517 , 518 
| Incudate, 210, 211 
Incus, in Rotifers, 210 
Iuermia, 445 

Infusoriform embryos, 93 
Insects, parasites of, 142, 150, 152, 153, 
154, 160, 163, 179, 183, 184, 185 
Internal sac, 609 , 611 
Internode, 525 
Intcrproglottidal glands, 90 
intertcntacular organ, 469 , 473, 508 
Introvert, in Polycluieta, 249, 260 ; in 
Gcphyrea, 412, 424 

Investing membrane, in ectoparasitie Tro- 
matodes, 57 ; in Cestodes, 85 
Ioda, form of head, 278 
l sac is, 163 

Jammes, on skin of Nematoda, 126 
Jaws, of Nereis, 248 , 250, 270 ; of Poly- 
chaeta, 269 f. ; of Eunicidae, 270 ; of 
Polynoid, 270 ; of Antolytvs, 270 ; 
fossil, 302 ; of Olycera , 270 
.Felly, Miss, on Polyzoa, 623 
Jensenia, 50 

Jimenez, on Leeches, 407 t • 

Joblot, on Rotifers, 197 
Johnston, on Hirudinea, 393 
Joliet, on development of Rotifers, 218 ; on 
Polyzoa, 01)8 
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J unger maun iaceae, inhabited by Rotifers, 
227 

Jurassic, Serpulids, 301 ; Polygon, 520 f. 

Kaiskh, ofi Acanthocepliala, 177 
Kamptodcrin, 469, 470 
Keferstein, on Poly cl ad id a, 7, 10 
Kennel, von, on Nemcrtinea, 108 ; on 
MahuiobdeUa, 101 n., 119 
Kerrin , 3S4 
Kinorliyncha, 230 f. 

Kleinenberg, on Trochophore, 229 
Koellikeriu , 73 

Kblliker, on Distomnm okenii , 71 
Korenand Danielssen, on Gephyrea, 442, 443 
Kowalevsky, on Hirudinea, 397 ; on 
Phoron is, 458 

Kraepelin, on Polyzoa, 493, 502 
Krause, on parasites, 163 
Krolin, on Neraertinc development, 99 
Krohuia , ISO ; species, 192, 194 ; Ameri- 
can species, 534 

Krukenberg, on haeniorythrin, 416 
Kywtus , 380 

Labrorostratvs , 297 
JjjLcinnUria , 200, 233, 215, 111, 226 
Lttcrt/ifiaria, 235 
Lneluwnice , 313 
Lay tin ipora, 528 
Lamarck, on Gephyrea, 411 
Land, Planarians, 4, 30, 33, 34, 36 ; Nemcr- 
tines, 101, 117 ; Oligochacta, 347 f. ; 
Leeches, 408 

Lang, on Polyclads, 7, 17, 21 f. f 27, 28 n. ; 

on nature of Cestodes, 76 
Lanice, 328 ; JlypophoreUa in tubes of, 
478, 533 

Lankester, on Trochosphere, 229 ; on 
Earthworms, 347 ; on Hinulinca, 397 ; 
on Gephyrea, 430, 437, 439 ; on Pot lax - 
ouia, 461 

Larva, Midler’s, 29 ; of Polystomum, 69 ; 
of Diplozoon, 60 ; of Gyrodactyf us, 61 ; 
of Holostomatidue, 63, 64 ; of liislovium 
64, 66 , 67 ; hosts of larvae of digenetie 
Trematodes, 71 f. J of CiUlivbothriuin , 
77 ; of Cestodes, 79 f. ; table ol‘ Cestode 
larvae, 83, 85, 87 ; of Schislitcep/uUus, 
84 ; of Both riocephalus, 87 ; of JJipyli- 
dium (Cysticercoid), 83, 88 f. ; of 
Mesozoa, 92, 93 ; of Nemertinea, 113 ; 
Trochosphere, 229, 274, 439, 510 ; of 
Polygordius , 245 ; of Polyehaeta, 274, 
275 ; of Chaetopterus , 325 ; of Myzo- 
stoma, 344 ; of Gephyrea, 419, 439 ; of 
Phoro n is, 468 ; of Polyzoa, 466, 509, 
611, 520 • 

Lateral organs, of Capitellidac, 343 — see 
also Ciliated pits 

Laurer's Canal ( = l,aurer»Stieda canal), 

57, 87 


Lcacna , 300, 327 n. 

Lecanocephal ns, 131, 133 

Leekenby, on Priapnlus, 433 

leeches, 34 1 , 392 f. - see also liirudiiica 

Leeuwenhoek, on Rot i fern, 197 

Legrain, on Nematodes in deserts, 156 

Legros, on Trichina, 146 

Lehnert, oil Bipaliuw , 36, 37 

Leidy, on Rotifers, 198 

Lcimaropsis, 37, Jf3 

Lemnisei, 176 

Li'jms, as host, 298 

Lepidasthenia , 293, 3/ 1 

Lrpidoderma, 333 

Lepidonotus (subgenus of Polynor ), eye, 
255 

Lepra! ia , 516, 3 tS, 528, 530, 531 n. ; A. 

J'ofiacea, 478, 527 ; larva, 511 
Leprea, 33S 

Leptodrra, 129, 131, 133, 160 
Lrptop/aua , 7, 8. 9, 11, 14, 17 ; British 
species, 10 : habits, 8 f. ; anatomy, 11 f. 
Lcptuplauidac, 10 
Lcptostoma , 396 
Lesson, oil Polyclads, 24 
Leu rise us, parasites of, 173, 182 
Leuckart, on Platyhelmiuthes, 6, 64 1'., 70, 
76 ; on Nemertinea, 99 ; on Nciuatoda, 
136, 139, 140, 142, 146, 163 ; on lliru- 
< linen, 395 

Leueochloridimn, 65, 66 
Leucocytes, of Polyehaeta, 252 
Lencotlnre — see Polydora 
Ley dig, on Rotifers, 198 
Lias, Scrpulids in, 301 
Lihyotlriins, 364, 385, 386 
Liehe nopant, 3 IS, 531 
Life-history, of Trematodes, 4 ; of Foly- 
stomatiduu ( Pofyslomum , />/ platoon, 

GynubirJyhis), 58 f. ; of digenetie 
Trematodes, 63 f. ; table of, 71 ; of 
Cestodes, 5 f., 87 ; table of lile-lii stories 
of Cestodes, 83 ; of Pipylidium , 88 ; of 
Hicycrnidae, 93 ; of Nematoda, 159 ; of 
Gordins, 170; of Acaiithocephala, 179 
- -see also Development 
Lignin, 01 ; occurrence, 85 
Ligulinae, 01 

Lim Boon Keng, on Earthworms, 349 
Lima, nests of, 298 
Lime, secreted by Serpulidae, 290 
Limnaca trunmtulu, host of larvae of 
J)istomum hepatievm, 67, 72 
Limnatis, 407 

Limnias , 205, 3.11 ; early description of, 
197 

Lhmunlrilus, 37 S 

Linens, 111 ; L, marhius ( = L, Imigis- 
sinins), 99, 100, 111, 114 ; Borluse on, 
99; size of, 100; L . gesserensis ( = /,. 
oftscurus = L. sanguineus), recuperative 
powers of, 116 
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LinguaLiilida, affinities of, 344 
Linnaeus, on Cestodes, 78 ; on Gepliyrea, 
411 ; on Polygon, 474 
Linstow, von, oil classification of Nema- 
todes, 137 ; on life-history of A scan* 
lvmhrianiles i 140 ; on parasitism, 162 ; 
on (rtmlinx, 166, 171, 173 

Lip, lip - membrane, lip - processes, of 
Sahel lidae, 261 , 337 . 

Li/tobrunchius , 334 i shape of body, 259 
Lipochromes. in Polychaeta, 292 
Lister, on Polygon, 497 
Lithodoiuoua, Polychaeta, 287 
Lithographic slate, fossil Polychaeta from, 
301 , 302 

Liver, -fluke, SI ; -rot, 68 
Locomotion, of Planarians, 9, 10, 36 ; of 
Polyclads, 22 f. ; of Neinertinea, 114, 
116 ; of Chactognatlia, 190 ; of Rotifers, 
etc., 206, 235 ; of / )iuophihrs , 243 ; of 
Phylactolnemata, 496 
Looss, on Trematoda, 62 n., 66, 70 
Ijopadorhyncliina, 3/4 

Lopadorh ynch ns, 3 1 4 ; A. erythrophy/lum , 
colour of, 292 

Lophochmta, 351 ; chacta, 300 
Lophohdut, with Knnur, 298, 319 
Lophophore, in Phuronis , 453 ; in Polygon, 
476, 476 , 495 

fjophopus, 494, 499, 504, 505, 518, 519; 
movements, 496, 497 ; fission, 496, 506 ; 
statoblast, 502j 603 
Lorica, in Rotifers, 205 
Loricata, 205, 234 
Lota, parasites of, 182 
Loxosoma, 489 f., 489 , 490 , 506, 518 ; on 
Polychaeta, 299, 489 ; on other animals, 
489 ; buds, 489, 490 , 506 ; larva, 509 
Lug- worm, castings of, 285; as bait, 
297 

Lumbrimrixt, 302 
Lumhricidae, 362, 371 f., 388 
LumbrkxMe/la , 392 

Lutnhriconereis, 318, 320; from fresh water, 
284 

Lu i/i briconere lies, 302 
Lunibriculidae, 350, 361, 373 
Luvdrrirufus, 373 ; as host of Rotifer, 

211 li. 

Lmnbricmt, 349, 351, 356, 367, 368, 371, 
389 f., 403 f. ; generative organs, 362 ; 
cocoon, 360 

Ln nidi/ es, 5/S; vibracula, 487 
Lurg, 317 
Lycoridae, S/5 
Lysidice, 297, 320 

MacGillivuay, on Polyzoa, 519 
M'lutosh, on Neinertinea, 110 li.. 115, 
116 ; on Phonmis, 454 
Afacraspis, 73 

Alacrobdc/ln, 393 , 490 ; sense-body, 394 


Afacrorhynchus, 44, 47 ; British species, 

49 

Alacrostxnna, 44, 47 ; British species, Jfi) 
Macrostomatidae, 4*9 
Alagdonu, 325 ; haemerythrin id, 252 
Magelonidae, 258, 325 
Main-gut, of Ixptnp/ona, 8, 13 ; of Poly- 
clads, 17 

Malaco/nleUa, 101 ; description of, 119 ; 
Al. ymssiiy 110 y 119 ; excretory system 

of, 108 

Malacocotylea ( = Digeuea), 73 
Maldauidae ( = Glymenidae), 258 , 332 ; 
shields, 259 ; anal funnel, 259 ; chaetae, 
266, 267 , 268 ; colour, 293 
Male, of Rotifers, 199, 200 , 217, 223 u ; of 
Echiuroids, 438 
Malleate, 210 
Malleoramatc, 210 , 211 
Malleus, 210 

Mammals, Trematodes of, 62, 63, 67-70, 
71 f. ; Cestodes of, 77-84, 89-91 ; 
Nematodes of, 163 ; Acanthocepliala of, 
183, 184 

Man, Trematode-parasitcs of, 63, 68-70 ; 
Cestodes of, 74, 78-81, 83, 89 f ; 
Nematodes of, 125, '139, 140, 143, 145, 
117, 163 ; Gordius of, 173 ; Mchino- 
rhynrhus of, 183 

Man, De, on free-living Nematodes, 157 
Mauayuukia, 284, 333 n. 

Mandible, of avicularium, 482 , 524 
Manson, oil Fi/ana , 149 
Manubrium, 210 

Marginal groove, of LeptopUma , lfi 
Maricola, 30, 32, 42 

Marine, Rotifers, 226 ; Oligochaeta, 366 ; 
I Leeches, 406 

Afa rp/iysa, 276, 319 ; as bait, 297 ; as 
host, 297 

Mastax, of Rotifers, 199, 210 
Masterniftn, on Cliaetognatha, 190 ; on 
Phoronis, 461 
Afastigocerea, 225 

Afastvjophora, 518, 529 ; vibraculum, 484 

Mastobmnchm, gill of, 268, 331 

Matzdorf, on Leeches, 369 

Maupas, oil Rotifers, 217 

Mbalolo, 297 

Meckelia asulcata , 111 

Alecynostoma, 

Median pore, in Cheilostomata, 484 , 524 
Megadrili, 373, 374, 3S0 f. 

Afegalotrochn , 221 
Megapora , 530 

Megascolex, 351, 372, 381 , 383 
Megascolides , 349, 358, 372, 382 ; body- 
wall and nephridia, 307 0 

Megnin, on parasites, 164 
Meissner, on Polyzoa, 493 
Aldania, Coabcwgia in shell of, 284 
Melanin, 292 
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Melicerta, 202 , 205, 206, 210 , 215, 218, 
219, 221, 226 ; early description of, 
197 

Melicertaclae, 203, 221 

Melicertidae, 201, 203, 205, 211, 213, 

221 

Melinna , 330 

Membranipora , 481, 492, 5 IS, 519, 523 , 
528, 530 ; phosphorescence, 478 ; func- 
tion of aperture, 500 ; larva, 509 , 510 ; 
variation, 516 

Membrau iporeffa, 5 IS, 524 , 528 
Alenipea , 5 IS, 526, 527 
Meimiis, 131, 150 , 160, 163 
Mermithidae, 150 , 163 
Meromyarii, 129, 137 , 142 
Mertens, on Polyclads, 6, 23 
Mesnbddla , 407 

Mesocestoides, 91 ; M. lineal"#, life-history, 
84 ; specific characters, 90 
Mesoncmertini, 112 

Mesostnma, 44, 45 ; reproduction, 48 : 

British species, 1/0 
Mesostoinatidae, 49 
Mesotroehal larva, 325 
Mesozoa, 92 f. • 

Metamerism, 249 

Metamorphosis, in Polycladida, 16, 28 ; in 
Treinatodes, 5, 66 f. ; in Cestodcs, 5, 
74, 76, 87-89 ; in Pftornnis, 159 ; in 
Polyzoa, 512 
Metanemertini, 112 

Metastatica ( — Holostomatidae), 73 ; life- 
histories, 64 
Metopidia , 200, 235 

Metschnikofi‘, on Orthoneetida, 94 ; on 
Nemertines, 99 ; on Chaetosoinatidae, 
158 

Meyer, on Polyrhaeto, 261 
Michaelsen, on Earthworms, 349, 353, 359, 
370 f., 375, 385 
Microrhaeta , 362 
Microct slides, 234 

Mierueudon, 202 , 215, 224 , 230 
Microcodonidac, 202, 220 n., 334 
Microcotyle , 73 ; eggs of M. Inbraais, 58 
Mierocotylinae, 73 
Microdrili, 373, 374 f. 

Microplana , 34, 43 
Micropara , 5 IS, 530 ; zooecium, 523 
M icroporella, 516, 5 IS, 519, 529 avi- 
cularia, 484 , 485 ; median pore, 501 
Microscolex, 372, 382, 383, 384 
Microstoma, 44 ; asexual reproduction, 
44 ; sexual organs, 47 ; British species, 
49 

MicrostomatWae, 49 
Micrum , 101, 114; British species, 111 
Migrations, of Trematode-larvoe, 5, 52, 
63 f. ; of Cestode - larv%e, 5, 74, 83, 
87 

Millson, on Oligochaeta, 368, 387 


: Millson ut, 3S3 f. 

Milne-Edwards, on Polyzoa, 475 
Mimicry, in Polychaetii, 293 f. 

M imosella, 5 IS, 532 ; movement of 
zooecia, 481 . 

Molluscoidea, 475 

Afolops , host of ( lord ius , 172 

Monhystera, 160 ■ 

j Mouiez, on Cestodes, 84 n., 85 ; on Earth - 
i worms, 369 

■ Monies in, 83, 91 ; characters of genus, 90 ; 
M. of ha, M. brnedrni , M. dmticnlata , 
90 ; M. exjntnsn, 83, 90 ; M. urn man i, 
M. oblonyieeps, M. pianissimo, M. 
trif/onophora , 90 
Mon if if/a ster, 359, 3S0, 402 
Moniligastridae, 361, 373, 380 
Monkey, parasites of, 145 
Monocotyle, 73 
Moiiocotyliuae, 73 

Monogenea ( Monogenet ic Trematodes), 5, 
53 ; classification, 73 
Mononrhns , 154 
Monoophnram striatum , 50 
Monopora viri/ntra, 117 
Monnporns ruhropnnrtatos , 49 ; reprodue- 
tive organs of, 47 
Monostoinatidae, 73 
• Monostomnm, 71, 73 \ life-history, 72 
j Mo nost yl a, 235, 226 
j Monot iilae, 50 

i Monutns, 36 ; British species, 50 ; M. 

| J'usnis, 45 ; ludiits, 46 
, Mouozoa, f 9l 

Montgomery, on Stiehostemma rif/ntrdii , 
i lis 
j Mon ora, 235 
Morrell, on Earthworms, 347 
Moseley, on Land Plauarians, 7, 35 n., 37 ; 
on Prlatfonnnrr/rs, 101, 114 
. Movements, in Rotifers, etc., 206, 235 
j Moxon, on Rotifers, 198 
| Macro, 522, 525 

I MucronrUa, 51S, 522, 528, 529, 530, 531 
| Miiller, F. ; on Triclads, 37 ; on Polyzoa, 

1 493 

Miiller, 0. F., on Turbellaria, 6 ; on Roti- 
fers, 197 ; on Oligochaeta, 348, 352 
Miiller’s larva, 16, 28, 29 
Muscles, of Leptoplana, 12 ; of intestine 
in Polyclmls, 24 ; of Ncmcrtinea, 102, 
103 ; of Neinatoda, 128 ; of Gordiidae, 
165 ; of Chaetognatha, 1 87 ; of Rotifers, 
etc., 206, 233, 237 ; of Nereis, 247 , 
249 f. ; of Polyzoa, 469 , 470, 472 , 499 , 
500 — see also Body-wall 
Musculo-glandular organ, in Triclads, 39 , 
40 

Myrianida, 280 , 30S ; gem imparity, 279 , 
280 ; markings 293 
Myrianites, 302 
My t ilia, 225, 226 
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Mjfxic.ola , 338 ; tori uncinigeri, ‘268 ; eyes, 
*27‘2 ; otocyst, ‘278 ; tube, 285 ; sup- 
posed mimicry, 294 

Myzostama, anatomy, 842 f. ; 3f. cirriferum , 
343 ; M. ylahnuu , 342 
Myzostomaria, 24 1 \ structure and affini- 
ties, .842 f. 

M yzostomatidae, 342 

Naidomohpha ( = Naididae and Naid.s), 
848, 352, 375 f., 377 , 378, 400 ; chaetae, 
350, 367 ; reproductive organs, 361 : 
asexual reproduction, 281, 377 
Xais, 318, 377 ; chaetae, 350 
Xmmoilrilvs, 382 f. 

Natatory cliaetae, of Nereidac, 277 ; of 
Syllidae, 278, 307 
Nathusius, oil parasites, 63, 168 
Xauphanta, 314, 3 ID 
Xehalia , Rotifers parasitic on, 225 
Xcctochueta , 291 

Xectouema ay He, 164, 168, ICO, 173 
Nemathelmintlies, 123 f, ; 168 
Xematoftothrhnn , 4, 55, 71, 73 
Nomatoda, 123 ; anatomy, 124 f. : embry- 
ology, 135 ; classification, 136 ; life- 
history of, 159 f. 

Nematogen, 94 ; Secondary Nematogcu, 94 
Nematomorphn, 133 , 164 f. 

Nnn.alo.njs, 13 9, 142, 161, 163 
Nematozoa, 137 

Xc incites, British species, 110 ; deposition 
of ova and spermatozoa in, 116 
Ncmertinea, affinities, 119 ; anatomy, 102 ; 
body-wall, 102 ; breeding, 116 ; cephalic 
slits ami cerebral organs, 107, 273 ; circu- 
<r latory system, 106, 107 ; classification, 
109 f. ; colour, 102 ; contractility, 102 ; 
development, 113 ; diagram, 104 ; 
digestive system, 1 03 ; excretory system, 
108, 108 ; external characters, 101 ; 
food, 115 ; fresh -water forms, 101, 118 ; 
generative organs, 109 ; geographical 
distribution, 117 ; habitat, 100 ; habits, 
114 ; land forms, 101, 117; locomotion, 
114, 115; nervous system, 105, 106; 
parasitic forms, 101, 119; pelagic forms, 
101, 11 1 ; proboscis, 100, 101 f., 103, 
104,110, 115 ; regeneration, 115 ; sense 
organs, 101, 106, 107 ; size, 100 
Xcmcrtodriliis, 360 
Xemertoscole.r 441 
Xcodrilus , 384 
Neorhynchidae, 184 

Neorhynehvs riameceps, 178, 181, 184 '•> 
X. ay ills, 184 

Nephrite, 392 f., 397, 399, 401, 103, 405 
Nephridium, of Archiannelida, 243, 244 ; 
of Nereis , 253 ; of Arenicola, 253, 254 ; 
of Polychaeta, 253 ; dimorphism of, in 
Polychaeta, 269 ; thoracic, of Sahel li- 
formia, 306 ; of Terebellidae, 327 ; of I 


Chlorhaemidae, 334 ; of Myzostoma, 
344 ; of Oligoehaeta, 356 f. , 381 f., 
400 ; of Leeches, 399 ; of Gephyrea — 
see Brown tubes ; of Phoronte, 456 
Nephthydidae, 238, 317 
Xephtkys, 317 ; iiephridiuni, 254 ; pro- 
stomium, 259, 260 ; head, 262 ; tentacles, 
262; peristomium, 263 ; parapodiuni,264, 
265 ; cirrus, 265 ; gill, 268 ; jaws, 270 ; 
habitat, 286 ; as bait, 297 
Ncreidae, 258, 315 ; palps. 260 ; colour,. 
292 

Nereid i form ia, 258, 303 ; vascular system, 
252 ; anal cirri, 259 ; prostomium, 259, 
260 ; tentacles, 262 ; peristomial cirri, 
263; parapodium, 264 f. ; cirri, 265 ; 
cliaetae, 266 ; jaws 269 ; eyes, 272 ; 
ciliated organ, 273 ; regeneration in, 
283 ; food, 296 ; fossil, 301 f. 

NereiUpas, 317 

Nereis, 246 , 299, 301, 31G f. ; anatomy, 

245 f., 247 1*. ; transverse section, 247 ; 
parapodium, 246, 247 , 265, 317 ; chaetae, 

246 ; head, 246, 248 , 316 ; alimentary 
canal, 219 f„ 251 ; jaws, 248 , 250, 270 , 
316 ; nervous systeri, 254, 255 ; eye, 
255 ; vascular system, 247 , 251 ; dorsal 
ciliated organ, 247 , 254, 256 ; nephri- 
dium, 253 ; reproduction, 256 ; sexually 
mature, 276 , 276 f.; sexual dimorphism 
and Heteroneid phase, 276 f.; epitokous 
( — epiganious) ami atokous phase, 277 
ii. ; from fresh water, 281 ; burrow, 286 ; 
pigment, 292 ; as bait, 297 ; commen- 
salism, 298 ; as host, 299 ; British 
species, 316 f. 

Xereifes, 302 

Xerine, 299, 323 ; habitat, 286 ; X 
vuhjoris, head, 322 
Nerve plexus of Ncmertinea, 103 , 105 
Nervous system, of Leptapla.ua, 13, 14 ; of 
Poly clads, 26, 30 ; of Ptauaria lactea , 
39 ; reduced in parasitic Khahdocoels, 
45; of Temnoccphala, -54 ; of Poly- 
.stomatidae, 56 ; of Cestodcs, 75, 86 ; of * 
Ncmertinea, 105, 106 ; of Nematoda, . 
127 ; of Gordiidae, 166 ; of Acantho- 
cephala, 177 ; of Chaetognatha, 187 ; of 
Rotifera, etc., 215, 234, 237 ; of Arclii- 
anuelida, 243, 244 ; of Polychaeta, 254 ; 
visceral, of Polychaeta, 255 ; of Oligo- 
chaeta, 353, 374 ; of Gephyrea, 416, 
431, 437, 440, 445 ; of Phoronte, 456 ; 
of Polyzoa, 471 
Neumann, on parasites, 164 
Neuropodium, 246, 247 , 264 , 265 , 268 
Newton, on zoo -geographical tegions, 372 * 
Nicofea, 328 ; gill, 329 
XicoHUiche, 332 ; tail, 332 ; tube, 287 ; 
X. lumbricafis, colour, 292 ; distribu- 
tion, 299 

Nitsclie, on Polyzoa, 475 u., 478, 500 
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iV itzsehia, 56, 73 j 

Norman, on Polyzoa, 475 j 

Nomlon ia , # 492 I 

N otarnia, 5 IS, 526 ■ 

Note ns, 335 
Notholca, 335, 226 
Notocotyle , 73 

Nntomastus , 331 ; ehaetae, 268 

Nntommata , 217, » 226 

Notom matid lie, 200, 205, 207, 215, 223, 

334 

Notophylhnn , colour, 293 
Notopodium, 246, 247, 264, 265, 268 
Notops , 200, 

Notopygos, 259 

Nuchal cirri of Eunicidae, 318 ; Nuciial 
organ — see Ciliated pits 

OCNERODRILCS , 

Oct obvthri tern , 56, ?'•/ 

Qctnchaetus, 358, 

Octocotylinae, 73 
Octofroc/m, 331 

Odnntosytli s, reproduction of, 278 ; as 
host, 297 

Occistes, 205, 206, 331 
Oe /ionites, 302 

Oesophageal glands, 271, 358 
Ogmogaster , 73 

Oka, on Hirudinea, 399 f. ; on Polyzoa, 
500 

Olfactory pits, in Polyclads, 26 ; in 'Iriclads, 

36 

Oligoee/is , J+3 

Oligocliaeta, 341, 347 f. ; external char- 
acters, 348 ; body -wall, 349; chaetae, 
350, 351 ; branchiae, 352 ; nervous 
system, 353 ; sense-organs, 354 ; coelom 
and vascular system, 355 ; excretory 
organs, 356 ; alimentary canal, 358 ; 
reproductive organs, 360 ; habitat, 365 ; 
phosphorescence, 368 ; distribution, 369 ; 
classification, 373 ; Rotifers parasitic on, 
227 

Qliyocladus, 19, 22 
• Oligognathns , 297 

Ollnlanvs , 143 ; O. tricusp is , 114, 161 
Vmalostoma , 4^ 

Onchneso/na, 422, 423, 433, 430, 417 
Onchocotyle , 73 
Onclwlainiv s, 157 

Onchospliaera-larvn of Cestodes, 87, 88 
Onupliiu, 290 

Onuphis, 290, 318, 319 ; O. conchy l ego, 
tube, 287 

Onychochaeta, 38S ; chaeta, 351 
Onyx, 131 

Ootype, in Polystumum, 59 
Operculum, of Serpulidae, 261, 276, 339 ; 
of Spinirbis, as brood-pouth, 261, 276 ; 
of Cheilostomata, 466, 477, 481, 482, 
522, 524 


Opcsia, 524 

Ophelia , 299, 333 ; eggs, 275; coelom ic 
corpuscles, 252 

Opheliidae, 358 % 331 ; gill, 265 ; ciliated 
pits, 272 

Ophiod ramus , 308 ; (>. flr.ruosus, parasitic, 
297 

Ophryotrocha , 319, 330 ; pelagic, 291 ; 

genital organs, 271 
Opisthot remit, 73 
O pisto /no, 50 

Orbigny, IV, on Polyzoa, 519, 520 
Orifice, of zooecium, 466, 469, 170, f>$4 ; 

I secondary, 522, 524 
Orley, on classification of Nematodes, 137 
Orthonectidae. 13, 92, 91 f. 

Otocyst (ami Otolith), of Tuvhcllariu, 26 ; 
of Nemertinea, 106, 110 ; of Polvehaet.'i, 
273 

Otomesos fount, 46, 4$ 

Otoplana, 50 

Oudemans, on Nemertinea, 108 
Ovary (ami Oviduct), of Lejitoptana, 11, 14, 
16 ; of Polyclads, 27 ; of Planaria , 38, 
39 ; of Rhabdocoelida, 47 ; of Tamm - 
cephala , 54 ; of Polystomutidac, 57 ; of 
Diplozuon, 60 ; of f iyrnductyl ns , 61 ; of 
Distominn maerostonnun, 65 ; of Cal/io - 
bothrhun, 75; of Archigrfrs , 76; of 
Seh i store p/ialn s, 86 ; of Jtho/ndnra, 95 ; 
of Myzostoma, 343 — see also Reproduc- 
tive organs 

Ovicell, in Cheilostomata, 466, 466, 468, 
481, 482, 484, 522 f., 525; in Cyclo- 
stomata, 479, 480, 521, 525 
Oviduct — see Ovary 

0 tee nia, 335 

Ox, parasites of, 79, 83, 125, 139, 140, 143 
ihn/soma, 139, 142 

O.rynris, 129, 131, 135, 139 , 1 41, 160 ; O. 
ambigua, 141 ; O. curntfa, 111, 163 ; 
O. diesingi, 141, 142 ; O. rennicnlaris, 
141, 163; O. blattae, O. hlattim/a, O. 
hytlrophili, O. megatyphlon, O. spirit- 
theca, 142 

Paddlk worm, 313 
1‘aedogencsis, 151 
Pagensteehcr, on Nemertinea, 99 

1 *ul anno net fs, host of Nectonema, 174 
Palaeoncincrtea, 109 , 112; characters, 111 ; 

development, 113 

Palaeozoic, Serpulidae, 301 ; Euniridae, 
302 ; Polyzoa, 520 
Paleae, of Sabellaria, 287 
Palmicellaria, 527, 528 
Palolo viridis , as food, 297 
Palps, of Nereis, 248, 255 ; nerves to, 254 ; 
of Polychaeta, 260 f. ; development of, 
in Sabelliformia, 275 ; of Hermelli- 
formia, 300 ; of Syllidae, 307 
Paludicella, 492, 494, 501, 602, 505, 518 
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Paludieola, 30, 43 
Panthalis, 313 
Paragnaths, 248 , 250, 316 
Parapodium, of Nereis , 246, 247 ; of Poly- 
chaeta, 264 f. ; of Heteronereid, 276, 
277 ; muscles of, 247 ; glands of, 249, 
314 ; of Myzostoma, 342 
Paraseison, 212, 225, 830 
Parasitic, Turbellaria, 51 ; Polyclads, 22 ; 
Triclads, 32 ; Rhabdoeoela, 45, 51 ; 
Neiiiertineu, 101, 119; Rotifers, 204, 
227 ; Pol yd i net a, 297 ; Ixu'ches, 406 
Parasitism, died on the parasite, 161, 177; 

effects on the host, 162 
Parenchyma, in Leptoplanu , 11 , 12; of 
Midler’s larva, 29; in Triclads, 41 ; in 
A coda, 42 ; in Cestodes, 85, 86 
Parovaria, of Phugacala, 38 n. 
Parthenogenesis, amongst Rotifers, 200 
Peefinaria, 330; body, 259; tube, 285, 
287 ; 1*. auriconiu , tube, 288 ; J*. behjica, 
330 

jW/iaatello, 196, 497, 505, 512, 518 ; 
statoblast, 502 

Pedalum, 200, 201, 206, 211, 216, 333, 
224, 225, 228, 230 
Pedal ionidae, 333 
Pei teles, 334 

PetfieeMm^ 487, 488, 490, 506, 507, 518 ; 
larva, 510., 513 ; budding, 514 ; on 
Polycliaeta, 299 

Pelagic., Nemertinea, 101, 114 ; Chaeto- 
guatha, 189 ; Rotifera, 226 ; Polycliaeta, 
291, 294, 314 ; larvae of Polycliaeta, 
300, of Polyzoa, 520 
Pel dip thin, 3 IJf 
Pelatjoneme.rtes, 101, 11 1 
Pr/oilerd , 129, 131, l&S 
Pe/oflrUns , 369, 377 
Pehslf/tes , 134 

Penis, of Leptoplana , 14 , 1 5 ; of Polyclads, 
27 ; of Plana rid, 38, 39 ; of Rliabdo- 
coelida, 47 ; of Tern noeephatn , 54 ; of 
PalliohofJiriuni , 75; of ScJiistoevphalas 
(cirrus-sac), 86 

Pennant, on IJirudinea, 406 n. 
Pereyaslawzowa, on A coda, 41 11 . 

Pergens, on Polyzoa, 500 
Periehaeta , 351, 357, 358, 372, 381, 381 f., 
388, 394, 403 

Perichaetidae, 357, 362, 380 
Perienteric, blood-sinus, 252 
PeHonyx, 38 1 
Perissoyaster , 383 
Peristome, 481, 482 , 522 , 524 
Peristomial (tentacular) cirri, of Nereis, 
248 ; of Polycliaeta, 263 ; nerves to, 254 
Peristomium, of Nereis, 248 ; of Poly- 
chaeta, 263 ; of Sabellidae, 336 
Perrier, on Oligochaeta, 367, 385 
Petalostoma , 422, 436, 430, 447 
Petrumyxon , host of Gorillas, 173 


Pella, intestine of, 271 
Phagocata, 31 , 32 
Phalacriphorus, 314 t 

Phanerocephala, 358, 303 * 

Pharynx, 4 ; of Leptoplana, 8 , 9, 12, 14 ; 
of Polyclads, 17 , 24 ; of lHscuevlis, 28 ; 
development of, in Polyclads, 29 , 30 ; of 
Triclads, 31 , 37, 39 ; of Temnocephala , 
53, 54 ; of Polystomatidae, 56 ; of 
Digenea, 62 , 64 ; of Nereis, 249, 250 , 
251 ; of Polycliaeta, 269 
Phascolioa, 423, 435, 428 
Phascolosoma , 416, 420, 423, 435, 428, 
447 ; as host of Loxosoma, 489 
Philippi, on Hirudinea, 406 
PhUoilina, 208 , 233, 227 
Philodinidae, 222 

Phoronis, 450 f., 451 , 452 , 453 , 458 ; 
habits, 451 ; anatomy, 453 f., 457 ; 
development, 458, 458 ; species, 460 ; 
affinities, 461, 512 

Phosphorescence (and light - producing 
organs), in Rotifers, 226 ; in Poly- 
chaeta, 272, 295, 296 ; in Oligochaeta, 
368 ; in Polyzoa, 478 
Phntodrilns, 368, 3.\3 
Photogen (light - producing organ), of 
Patyoph thalmus, 272 ; of Tmnopteris , 
296, 315 

Phrcodrilns, 369, 370 
Phrearyctes, 367, 377 
Phreoryctidae, 376 
Phylactella, 528, 530 

Phylactolaemata, 470, 493 f., 518 ; lopho- 
phore, 476 , 495 ; occurrence, 493 ; 
movements, 494, 496 f. ; reproduction, 
501, 506, 507 ; larva, 511, 512 ; distri- 
bution, 493, 504 ; affinities, 512 
Pliyllacanthiime, 91 
Phyllobothrinne, 91 
Phyllvbothrivm, 76 11 ., 91 
Phyllocntyle, 73 

Phyllodoce, 313 , 314 ; head, 262 , 263 ; 
eggs, 275, 314 11 .; colours, 291, 292; 
parapodium, 264 ; cliaetn, 267 
Phyllodocidae, 258, 313 ; parapodial cirri,* 
266 ; as food, 297 ; ee gs, 31-1 ; colours, 
292, 293 

Phyllodocites, 302 
Phy/lonel/a , 73 

Phymosoma, 413, 420, 421 , 423 f., 435, 
426 

Physaloptera, 163 

Pig, parasites of, 68, 79, 83, 139, 147, 184 
Pigments, of Polycliaeta, 291 f.; of Gephy- 
rea, 435 # « 

Pike, Tremntode of, 62 ; Cestode of, 81, 84 
Pilidiiim larva, 113, 113 , 229, 230 
Pionosyllis , 308 
Piscicola , 393, 4 O 6 
Pista, 328 ; gill of, 329 
Pits, ciliated, of Polychaeta, 272, 273 
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Phicostegiis , colour, 292 ; from dee]) sea, 
300 

P/acnnella , 73 
Plagiochdktu , 358, 381, 

JVagiostoma, 46 ; British species, 3t) 
Plagiostomatidae, £0 
Ptanaria , 30, 31 f., 39 ; British species, 
Planariaus, 3, 7 ; IMnophiln s, compared 
with, 242, 243 
Planariidae, ^ 

Planctoplana, 19 
Plankton, Rotifers in, 225 
Planocera, 18 , 70, 20 
Planoceridae, 70, 23 
Platwrbis , host of (fording 173 
Plants, parasites on, 151, 155, 157, 160 
Plasmodium, nature of, in Orthonectids, 94 | 
^late, on Rotifers, 198, 225 n. 

Plntyaspis , 73 
P/atycofyle , 73 

Platyhelminthes, 3 f. ; Xemertiuea classed . 

with, 119 | 

Ph'Hammtyle , 73 
J’/trlux, 160 

Pln‘o/io//aster, 3$ 1 I 

Plcroeercoid larva *84 

J/h'ssis, du, on Ti t ntxlem ma btrnsf tv, 101 n., ! 
118 ! 
Plat rocotyle, 73 ! 

Plmrotrncha , 22J/, 226 | 

PJnvsomrty 212, 223 I 

Ploima, 202, 203, 212, 213. 216, J.V, 223, ! 
226, 227 

Plnumtrtla, 493, 494 , 499 503-505, .77, V, 
519; ]>rotrusion of polypides, 499 ; 
sLatoliliisls. 499 , 502, 503 ; larva, 512 j 
Podal membrane, of Spionidue, 322 | 

Podnxonift, 461 1 

Polya rthra , 201, 22 J h 226 | 

Polybo.strie.hus, 280 | 

PolyediSy 30, 31 , 40, 2,2 ! 

Poly eh acta, 24 /, 245 f. ; classification, | 
257, 258, 303 f, ; head, 248 , 259 f. ; | 
parapodium, 246, 264 f. ; ehaetae, 246 , j 
266 f. ; coelom ic fluid, 252 ; nervous 
system, 254 ; sense-organs, 255 , 272 ; j 
ciliated pits, 272 ; alimentary canal, j 
with pharynx, 249, 250 , 251 , 269, 270 , ! 
271 ; oesophageal glands, 271 f. ; j 
nephridiura, 253 , 254 , 269, 274 ; geni- . 
tal duct, 254, 269 ; genital cells, 256, 
273 f. ; hernia] ilirodite, 273 ; regenera- 
tion, 278, 282 ; habits, 285 ; carnivor- 
ous, 304 ; distribution, 299 ; from fresh 
water, 284 ; from deep sea, 300 ; pelagic, 
291, 314 ; boring, 287 ; tubes, 287 ; pig- 
ments, ^291 ; colours, 291 f. ; warning 
colours, 294 ; protective devices and 
mimicry, 293 ; phosphorescent, 295 ; 
food of, $96, 299 ; m )>ait, 296, 297 ; 
as food for man, 297 ; commensalism, 
297 f. ; parasitic, 297 f. ; as hosts, 299 ; 


extinct, 301, 302 ; larva, 274, 275 , 300; 
provisional ehaetae, 274 
Pnlychoerm , 1/9 ; development of, 44 n. 
Poly cirrus, 330 ; habits of, 285 ; P.aitranfi - 
ants, warning colours, 294 ; phosphor- 
escence, 295 ; P. hannatoth’s, coelom ie 
corpuscles, 253 

Polycladida (Polvclads), 4 f„ 7 ; elassilica- 
tion, 16 f. ; development, 28 f. ; British 
species, 19, 20, 22 
J*atyclaitas, 42 
Pofycotyfi % 73 

Polydora ( -- Lntrodorr), 323; frontal 
ridge, 260 ; head, 261 ; special ehaetae, 
267 ; with Urliopvra , 298 : /*. ri/iata , 
borings, 287 
Polydoridae, 258, 323 
Pdygordias, 212, 244 ; development, 245 
Polym a i<u 328 

Polymorphism, of A# *ivis, 277 
Polymyarii, /.*/, 142 

Pofyii(M‘ 319 ; segments, 258 ; parapodium, 
265 ; jaws, 270 ; anus, 259; nephridium. 
254 ; habits, 286 ; as ectoparasites or 
commensals, 294, 298, 325 ; distribution, 
299, 300 ; British species. 299, 310 f.; P. 
si/ttinnafa , 309 ; elytron, 310 ; P. r/ara. 
elytron, 310 ; P. iui/airafa, elytron, 311 
I'nlyuoiua ( - Polynoids), 3t\9 ; head, 262 ; 
ehaetae, 266, 267 ; jaw, 270 ; intestine, 
271 ; eggs, 275 ; sexual dimorphism, 
276 a. ; tubes, 285 ; colours, 291, 292 ; 
protective resemblance, 294 ; phosphor- 
escence, 295, 296 ; food, 296 ; parasitic 
and commensal, 297, 325 ; elytra, 275, 
294, 295. 299, 309 f. 

Polyof/ontrs, 31.1 n. 

Polyophtlial m as, 332 ; segmental eyes, 
272, 296 ; otoeyst, 273 
Polype a pannachc, 496 
Polypidc, 468, 469 , 474, 488, 523 ; retrac- 
tion and protrusion, 498 f. 

Poly] tide- bud, 468 , 472 , 487 . 496, 499 . 
501, 510 ; connected with reproduction, 
507 

Poly post in, 19 ; penes, 27 
Polystomatidae, .73, 55, 73 
Polystoinatinae, 73 

Pntystmo a to, 55, 57 ; life-history, 58, 59 
Polygon, 465 f., 475 ; external characters, 
465 f., 479 f. ; anatomy, 468 f„ 469 ; 
brown bodies, 471 f., 472 ; history, 
474 f. ; classification, 475 f., 515, 517 f. ; 
occurrence, 477 f. ; avicularia and vibrn 
cilia, 482 ; enemies, 486 ; Kntoprocta, 
487 ; fresh water, 492 f,. ; reproduction, 
501, 506 ; development, 509 ; alliuities, 
461, 509, 510; metamorphosis, 512; 
budding, 514 ; distribution, 493, 504, 
519; palaeontology, 520; terminology, 
523 ; determination of British genera, 
505, 521, 525 
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I’omatuceros , habitat, 300, J4 U 
PomphiHyx-, 201, 203, 335 
Ptmtobdella , 393, 401, 404, 406 
Pontodom , #7^ 

Pontodril tts, 366, 370, 38 J 
Poutoscolc.c, 350, 366, 387 f. ; chaeta, 
301 

Pore, in Polyzoa, 471, 482, 822, 521; 

median, 484, 5*24 ;* dorsal, 348 
Porelltt, 516, 5 18, 622, 527, 529 
Potiwi, 518, 527, 529 
Potauiif/a , 338 

Pracoral lobe ( = Prostomimn), 245, 439 

Predaceous worms, 304 

Priapuloidea, 413, 446 ; anatomy, 130 ; 

classification, 432 ; habits, 433 
Pr tap it l us, 430, 431, 433 ; anatomy, 430 f. 
Prist hut, 377 

Proales , 204, 223 n., 3*4, 226, 227 
Proboscidae, 4'3 ; occurrence, 44 
Proboscis, of Nemertinea, 100, 101 f„ 103 
f. ; of lloplonemertea, 104, 110 ; open- 
ing by mouth, 117, 119 ; severance of, 
116; of Acanthocephala, 174 f. ; of 
Rotifers, 203 ; of Kiiiorhyueha, 237 ; 
of Eehinroidea, 434 
Proboscis-pore of Nemertinea, 102, 103 
Proboscis- sh cath of Nemertinea, 103, 103 f. 
/\ race rot fes , 4- 
Procerodiiiae, 4 * 

Procerus, host of (litre Hus, 172 
Procott/hu , 36, 43 
Proglottis, 6, 74, 75, 79, 85 
ProHicsostouiu , occurrence, 44 ; British 
species, 40 
Proporidae, 4*3 
Pwporus renetinsus , 4*3 
Prorhynchidae, /fO 

Pror/ttfuchus split/ rocep/ttt l us, terrestrial 
habit, 44 ; P. stag nu l is, 4*3 
Prosorhochmus clftpttredii, IKK 114, 117 
Prostate - gland, of Leptopluuu, 16; of 
Polyclads, 30 ; of Plauuriu, 39 ; of 
Rhabdocoela, 47 ; of Oligocliaeta, 361 
Prostheceraeus, 13, 22 ; sperm atop] lores, 

27 

Prostliiostoi i lat -idae, 10 
Prosthiostomum, 17, 18, 10, 24 
Prostomial tentacles, 248, 262 
Prostoinium, 241 ; of hiuophilus, 243 ; of 
Poh/tjordius, 244 ; of Trocliosphere, 245 ; 
of Nereis, 248 ; of Poly chaeta, 259 ; Of 
Glyceridae, 320 ; of Terebellidae, 327 ; 
of Oligocliaeta, 348 
l*rotodrilus, 242, 244 
Protonemertini, 113 

Protula, 341 ; genital organs, 273, 274 ; 
eggs, 275 

Prouho, on Polyzoa, 489, 507 f. 

Provisional choetae, 274 
Provortex , British species, 50 
Proxenetes , 14 ; British species, 40 


Pruvot, on Polycliaeta, 261 
Psamathe, 300, 308 
Psammolyce, 313 ; elytra, 294, 313 
Pseudalius , 135, 143, 163 * 

Pseuda.riue, 73 
Pseudoceridae, TO, 20 
Pseutloceros , 10, 20 
Pseudocotyle , 73 
Psemlorhynchus bifidus , 40 
Psytj mob ranch us, 341 
Pterobranchia, 461 

Pterodhw, 200, 201, 203, 206, 211, 215, 
216, 335, 226, 230 
Pterodinidae, 201, 335 
Pteroessa, 334 
Pteromlla, 73 

Ptemstich us nit/er, infested by Gordius, 
170, 170, 172 ‘ f 

Pierosyllis, ciliated lappets, 273 n. 
Pyriform organ, 809, 611 

Quatrki ages, on Gephyrea, 411, 445 

Rabbit, parasites of, 141, 145 
Rag worm, 322 
Raillict, on Cestodes, 

Kami, in Rotifers, 210 
Rasping plate, of Eunicidac, 270 
Rattulidae, 210, 335 
Ruthilus, 212, 335, 226 
ltatzel, on Earthworms, 350 
Red Cat, 316 

Regeneration of lost parts, in Polyclads, 
26 ; in Trielads, 40 ; in Cestodes, 77 ; 
in Nemertinea, 115 ; in Polyehaeta, 
278, 282 ; in Oligocliaeta, 348, 379 ; in 
Polyzoa, 471, 488 
Repetition of parts, 249 
Replacement of species, 300 
Reproduction (and Reproductive organs), of 
Leptoplatut, 14 f. ; of Polyclads, 20, 30 ; 
of Trielads, 31 , 38, 39 ; of Khabdoeoe- 
lida, 48 , 47 f. ; of Tcmnocephala , 64 ; of 
Polystomatidae, 87 f. ; of Dijdozoon, 
60 ; of Digenea, 66 ; of Vail ittfjolh rium, 
78 ; of Sch istocep/ud us, 86 ; of Mesozoa, 
93 f. ; of Nemertinea, 102 , 103 , 104 , 
109; of Nematoda, 134; of Nemato- 
morpha, 166, 169 ; of Acanthocephala, 
178 ; of Cliaetognatha, 188 ; of Roti- 
lera, etc., 216, 234, 238 ; of Arehiannc- 
lida, 243 f. ; of Polyehaeta, 253, 254, 
256, 269, 273 ; of Myzostonm, 343 ; of 
Oligocliaeta, 360 ; of Leeches, 401 ; of 
Oephyrea, 418, 431, 437 ; of Phonmis , 
467 ; of Polyzoa, 471, 490 , 501, 506- 
see also Ovary and Asexual reproduction 
Reptiles, parasites of, 163 
Respiration, in Nereis, 252 ; in Chaetopoda, 
272 ; in Gephy^a, 416 
Retepora, 479, 515, 518, 5*27 * 

Khabdites (rods), of Leptoplumi, 11, 12 ; in 
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Poly cl ads, 29 ; in Trie lads, 37 ; absent 
in parasitic Rhabdocoela, 15 ; in Teumo- 
cephala , 53, 54 
Khahditi fortune, 137 

HhahdUh, 15/p 160 ; li. no/ mimosa, 140, 
155 

Ithabdocoelida, 4, 7, 36, 42 f. ; occurrence 
and habits, 43 ; parasitic forms, 44 ; 
reproduction, 47; elassilical ion, 4*3 ; 
British species, 43, 14, 49 
Rhabdoyaster, 1 58 

Rludjdonemu nigrorenosvm, 134, 136, Up), 
151, 160, 161* 

R/iabdopleora, 461 1*. 

Rliiiiodrilvs, 318 
Rhinopidac, 320 n„ 224 
Rhinops, 224 *, male of, 223 n. 

Rhizopoda, as food for Polyclmeta, 296 
Hhizota, 220 n. 

Rliombogcu (form of Dicycmid), 93 
Rhopalonorio , 521 n. 

Rhopalo/d tocos, 73 

Rhopol v ra, yiordii, occurrence and strut*- I 
tu re, 91, 95 ; R. intoshii, 94 j 

Rhynchclmis , 365, 370 
Rhyucliobdcllae, 39t^f., 405 
Rhyiichodemiclae, 35, 42 
Rhync/todrmus, 34, 35, 4 * 

Rhynehopora, 531 
Rhy nchor.no n, 529 n., 531 
Riches, on British Neinertinea, 110 ; cm 
Malamhdello, 119 
Rietsch, on Gephyrea, 143 
Rockworm, 319 
Rods -see Rhabdites 
Rohde, on muscles of Neiriatoda, 128 f. 
Rootlet, in Polyzoa, 485, 517 
Rosa, on Oligochacto, 364, 380, 385, 390 
Rosette-plates, 471, 522 
Rotifer, 201, 202, 210, 216, 222 , 226, 
227 

Rotifera, 197 f. ; distribution, 200 ; para- | 
sitic, 204 ; digestive organs , 209 ; renal ' 
organs, 213 ; nervous system and sense 
organs, 215 ; reproduction and develop- 
ment, 216 ; classification, 220 ; habits 
226 ; preservation, 228 ; affinities, 229 
Rousselet, on Rotifers, 198, 216, 228 

S ABELL A, 299, 337 ; parapodiiim, 265 ; 
habitat, 286 ; tube, 287 ; tube-building, ■ 
288 ; colour, 293, 294 ; S. so. ricn m, 
habits of, 287 

So bell or in, 341 ; body, 259 ; cirri, 265 ; 
tube, 287, 290 ; S, a/mdata , 259, 300 ; 

S, spin ulosa, paleae, 267, 300 
Sabellidae, 2$ 3, 336 ; head, 261 ; chaetae, 
266, 267 ; regeneration, 283 ; from fresh 
water, .284 ; colour, 292 
Sabelliformia, 253, 306, 336 ; ehlorocruorin 
in, 252 ; body, 259 ; Ifcad, 260, 261 ; 
uncini, 266, 267 ; nepliridia, 269, 306 ; 


genital organs, 273 ; development of 
gills, 275 ; gland shields, 287 
SaccoMello , 226 
Sacconereis, 275, 276, 280 
Saceosomo, 434, 440, 44 * 

Soyitel/o, 3:21 

Say Ufa , ISO, 186 , 191 , 534; anatomy, 186 
f. t 188 ; development, 189 ; habits, 190 ; 
species, 191, 193 ; American species, 534 
Saleusky, on development of Nemertiucn, 
99 ; of Rotifers, 218 
Sa/ine/la, 93, 96 

Salivary glands, in Polyclads, 10, 24 ; in 
Leeches, 396 

Salmarina, 273, 34 1 ; brood- pouch, 276 ; 

fission, 281 
Sal pi no, 200 , 225 
Saipinidac, 225 
Sandmason, 328 

Saxieam, Ratal ia in borings of, 314 
Scales, of Gastrotricha, 233 
Sad ihreymu, 334 
Sealibregmidac, 353, 334 
Scaplm, 259, 330 
Scoridinm, 201, 207, 335 
Schist ocephtd ns, 75, 01 ; reproductive 

organs, 86 ; larva, 84 ; life-history, 78, 85 
Schizocvrco , 335 

Schizogamy, in Syllidae, 278, 279 , 2S1 
Schizoncincrtca, WO ; characters. 111 ; de- 
velopment, 113; transverse sect ion, 103 
Schizopordhiy 513 , 527, 528, 529, 530, 531 ; 
zooccium and avicularia, 482 ; Re/do- 
/do no, on, 22 

Srhizo/hem, 482, 5/3, 529 
Sell mania, on Oligoc liacta, 366, 387 
Schmidt, on KhnbclococJs, 6 
Schneider, on life-history of certain Mcso- 
sto/nOy 48 ; on classification of Nematode, 
129 ; on oesophageal glands, 131 ; cm 
Strongyliclae, 142 

Schultze, on Polyclads, 13, 26 ; on Nemc r- 
tiuca, 108, 109 
Scholtzio, 50 

Schulze, P. E., Sticlwslemma found by, 
118 ; TrieJiopfo.r found by, 96 
Sc irtopoda, 200, 201, 203, 206, 207, 233 
Sclerorhril os, 334 
S'lerostomum, 163 

Scoleciformia, 258, 305, 331 f. ; vascular 
system, 252 ; buccal region, 269 ; food 
of, 296 

Stud rcvle/nsy 299, 322 

Kcolex, 5, 74, 75 f., 89 ; S. poly morph vs, 
77 ; of Taenia solium, 79 
Sadithns, 302 

Set d n/ d os, 299, 321 ; pm -a podium, 265 ; 

habitat, 286 
Scruparia, 527 

Scmpocellaria, 517 , 513, 519, 526 ; vibra- 
eula, 477, 485, 517 ; phosphorescence, 
478 ; larva, 511 
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Scutum, 525 

Seals, parasites of, 142, 183 
Sea-mat, 466, 477 
Sea-mouse, 312 
Secondary orifice, 522, 524 
Sedentario, 285 

Segment; 241 ; of Nereis , 246, 247 
Seison , 226 

Seisonaceae, 204, 218, 220 n., 225, 227 
Seisonidae, 226 
Selenaria , 518 ; vibraeula, 487 
Selcnka, on Sipunculids, 424 n., 447 
Self- fertilisation, in certain Mesostonui , 48 ; 

in Trcmatodes, 52, 58 ; in Cestodes, 86 
Semper, on excretory system of Nemer- 
tinea, 108 ; on Geonemertes palaensis, 
101 n., 117 ; on mimicry in Polychaeta, 
294 

Sense-organs, of Leptoplana , 13 ; of Poly- 
clads, 26 ; of Triclads, 36 ; of Trema- 
todes, 56, 86 ; of Cestodes, 86 ; of 
Nemertinea, 106 ; of Neinatoda, 128 ; 
of Gordius , 166 ; of Acanthocephala, 
178 ; of Chaetognatha, 188 ; ofltotifera, 
etc., 21 5, 233, 234 ; of Polychaeta, 255, 
272 ; of Oligocliaeta, 354 ; of Leeches, 
395 ; of Gephyrea, 417 ; of Phoronis , 
457 

Septum, of Archiannelida, 244 ; of Nereis , 
249, 251 ; of Polychaeta, 269 ; of Chlor- 
haemidae, 334 ; of Oligochaeta, 355 ; of 
Gephyrea, 440 

tferpula, 300, 389, 340 ; fossil, 301 ; tubes, 
290, 301 ; commensal with Polynoid, 
298 ; colour, 292 

Serpulidae, 258, 339 ; nerve cords, 255 ; 
gills, 261 ; operculum, 261 ; cirri, 265 ; 
thoracic membrane, ^66 ; unciuus, 267 ; 
fission, 281 ; tube, 290 ; colour, 292, 
293 ; from great depth, 300 ; fossil, 301 
Serpulite chalk, 301 

Seta, of vibraculum, 484, 485, 486, 617, 
524 

Setosella, 530 

Sharks, Trematodes of, 62, 72 ; Cestodes 
of, 78 

Sheep, parasites of, 67, 81, 82, 83 
Sheldon, Miss, on Nemertinea, 99 f. 
Shell-gland, of Leptoplana , 8, 9, 14, 16 ; j 
of Polyclads, 28 ; of Trematodes, 59 ; 
of Cestodes, 86 

Shield, cuticular, of Polychaeta, 259 ; of 
Sternaspis, 335 ; glandular — see Gland 
shields, 

Shipley, on BipaZium , 37 ; on Nema- 
thelminthes, 123 f . ; on Chaetognatha, 
186 f., 534; on Gephyrea, 411 f. ; on 
Phoronis , 450 f. 

SUdis l u tar ia , host of Gordius , 171, 172 ; 

host of Acanthocephala, 185 
Side organs, of Carinellidae, 107 
Siebold, von, on Tape-worms, 76 


SiyalUm, 313 

Silliman, on Nemertinea, 101, 109 118 
Silurian, Polychaeta, 301 
Sinus, in Polyzoa, 482, 484, 525 
Siphon, of Capitelliformia, 272, 305 ; of 
Gephyrea, 436 
Siphonogaster , 353, 368 
Siphono8toma , 334 ! commensal, 298 
Sipunculoidea, 412, 420, 446 ; species, 
426 

Sipunculus, 425 ; history, 411 ; species, 
426 ; anatomy, 412 f., 413, 415 ; de- 
velopment, 419, 419 ; food, 422 ; habits, 
426 

Size, of Cestodes, 5 ; of Polyclads, 20 ; of 
Land Planarians, 33 ; of Cestodes, 75 ; of 
Nemertinea, 100 
Slavina , 377 

Sluiter, on Gephyrea, 429, 447 • 

Smitt, on Polyzoa, 516 
Smittia , 518, 527, 529 ; zooecium and 
avicularium, 482 
Snakes, parasites of, 142 
Solenopharyngidae, 50 
Solenopharynx, 50 
Solenopliorinae, 91 % 

Solenophorus , 91 
Sorocelis, 42 

Spadella, 186, 189, 192 ; anatomy, 186 f. ; 
eggs, 189 ; habits, 190 ; species, 192, 
194 ; American species, 534 
Spallanzani, on Oligochaeta, 348 
Rparganophilus , 366, 386 ; anatomy, 355 
Spatangus , as host, 298 
Spencer, on Land - Planarians, 34; on 
earthworms, 349, 380 
Spengel, on Gephyrea, 440 
Spermatheca, of JJinophilus , 243 ; of Oli- 
gochaeta, 362, 363, 364 
Spermatophores, 27, 402 
Spermiducal gland, 361 
Spliaerodoridae, 320 
Sphaerodorum , 321 
Sphaerosyllis , 308 
Sphaerularia , 150, 153, 160, 161 
Sphyranura , 73 ; setae in, 56 
Spine, of Polyzoa, 481, 523 f., 524 
Spinther , 318 
Spio, 322 

Spionidae, 258, 321 ; larva, 274, 275 
Spioniformia, 258, 304, 321 ; peristomial 
cirri, 263 ; gill, 265 ; chaetae, 266, 267 ; 
eyes, 272 ; food, 296 ‘ 

Spirograph in, 290 

Spirographis, 338 ; substance of tube, 290 
Spiroptera, 147 , 163 ; 8, reticulata , 149 ; 

& obtusa, 161 ; S. (data, 153 
Spirorbis , 3 40, 841; operculum, 261, 841; 
genital organs, 273, 274 ; brood-pouch. 
261, 276 ; fossil, 301 ; shell, 841 
Spirosperma , 378 ; chaeta,*850 
Spirulaea, 801 . 
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Sporocysts, 92 ; of Dittomum macroatom mu, 
64, «B; of 2). hepaticum, 67 ; hosts of, 
71 


Staggers, induced by Ooenttrus , 82 
Statoblast, 493, 499, 501 f., 506 ; sessile, 
502 ; germination, 501, 503, 514 ; re- 
semblance to ephippiau ova, 493 
Steenstmp, on Tape- worms, 76 
S teganoporella, 530 


Stelechopoda, 344 
Stelechopus, 342 

Stenostoma , 44, 40 ; asexual reproduc- 
tion, 44 

Stephanowos, 202, 205, 210, 213, 220, 221 
Stephanops , 225 
Stercutus , 376 

Sternaspidae, 258, 335 ; nephridia of, 305 
Stemaspis , 335 , 411, 445 ; anatomy, 330, 
336; shape, 259; shield, 259; head, 264 ; 
^hoetoe, 265 ; gills, 268 ; intestine, 271 ; 
compared with Gephyrea, 336, 447, 
449 

Stfwnelais, 299, 300, 309, 313 

Stichostemma eilhardii , 118 

Stilesia , 91 ; generic characters, 90 ; S. 

centripurictata , 91 ; S. globipnnctata , 91 
Stock, asexual, of Aubolytus, 279 ; of My- 
rianida, 281 

Stole, on Oligochaeta, 360 
Stolon, 480, 488, 518, 525 
Stolonata, 518 n. 

Stomatopom , 518, 532 
Stork, parasites of, 63, 163 
Strobila, 70, 76 
Strobilation, 76 

Strodtinann, on Chaetognatha, 191 

Stiomatoporoids, 520 

Strongylidae, 131, 142 

Strong ylus, 129, 142, 143, 160, 163 ; S. 

Jilaria , 132 ; S. tetracanthns , 163 
Stuhlinaun, on Polyzoa, 493 
Stuhlmannia, 359, 386 
Stylaria, 348, 377 

Stylets of Nemertine proboscis, 104, 110 
Stylochoplana, 18, 19, 20 
Stylochus, 19 ; development, 28 
..Stylostomum, 19, 22 
Sub-cuticle, 125, 175 
Submalleate, 210, 211 
Succiuea putris , infested by larvae of 
Distomum macrostomum, 64, 66 
Sucker, of Leptoplana, 8, 16 n. ; of Tri- 
clads, 35, 36 ; of Temnocephala , 53, 04 ; 
of Monogenea, 53, 06, 07, 60 ; of 
Digenea, 62, 64, 60, 69 ; of Cestodes, 
70, 79 ; of DinophUw, 243 ; of Chacto- 
pterus , 324 ; of Myzostoma , 342 ; of 
larva of Pofyzoa, 009, 011 
Summer-eggs, of Mesostoma, 48 ; of Roti- 
fera, 2K 

Sulroa , 376, 380 q 

Swim-bladder, o¥ Syllidae, 272 


Swimming, of Lephtplana, 9, 10 ;• of Poly- 
dads, 23 ; of Rotifers, etc., 206, 235 
Syllidae, 258, 306 ; palps, 260 ; tentacles, 
262 ; head, 262 ; parapodium, 264 ; jaw, 
270, 271 ; alimentary tract, 271 ; swim- 
bladder, 272 ; asexual reproduction, 
278 f., 279 ; regeneration, 278, 283 ; 
colours, 293 ; phosphorescence, 296 ; an- 
cestral, 303 

Syllis , 274, 307 ; development, 278 ; S. 
ar mill avis, 307 ; & nnnom , 282 ; S. 
vivipara , 276 

Synapta , bearing Rotifers, 222, 227 
Synchaeta, 200, 204 f., 224, 226 
Synchaetidae, 223, 224 
Syncoelidium , 33, 4'2 
Syncytium, 125 

Syngamus tracheal is, 130, 142 , 144, 161, 

' 163, 164 
Syrinx , 411 

TARSIA, 74, 78, 79, 91 ; life-histories of 
species of, 83 ; table of species, 89 ; 
T. ( Cy slice re. its) (tciint ho trios , , 80 ; T. 
coen virus, 81, 82; life -history, 83; 
specific characters, 90 ; T. crassicollis , 
life-history, 78, 83 ; specific characters, 
89 ; T. echinococcus , 80 ; life-history, 
83 ; specific characters, 90 ; T. hrabbei, 
81 ; T. marginata, 81 ; life-history, 83 ; 
specific characters, 90 ; T. (// ymeuolepis) 
marina , 70, 80 n., 89 ; life-history, 80, 
83 ; specific characters, 91 ; T. per - 
foliata , 163; T. naginata ( = 7*. medio- 
canellata), 78, 79 ; life-history, 83 ; 
specific characters, 89 ; T. serialis, 82 ; 
life-history, 83 ; specific characters, 90 ; 
T. serrata, 81 ; life-history, 83, 87, 89 ; 
specific characters, 90 ; T. solium , 79 ; 
life-history, 79, 83 ; specific characters, 
89 

Taeniasis, 82 
Taeniidac, 91 

Tail, of Arenicola, 333 ; of Nereis, 246, 
248 ; regeneration of, 283 
Tanypus , host of Gordius , 172 
Tape-worms, 5, 74 
Taphrocampa, 200, 204, 224 
Tardigrada, affinities, 344 
Telmatodrilus, 378 
Temnocephala, 4, 53, 64. 73 
Temnocephalidae, 53, 73 ; habits and 
structure, 53 f. ; affinities, 54 
Tennent, on land-leeches, 408 
Tentacles, in Polyclods, 1 5, 26 ; in Tri- 
clads, 30, 36 ; in Vorticeros, 46, 46 ; 
in Trematodes, 53 ; (peristomial), of 
Spionidae, 322 ; (prostomial), 256, 260, 
262 f. ; of Nereis, 248 ; of Polycirrus, 
294, 295 ; of Polygordius , 244 ; of 
Terebellids, use of, 280 ; nerves to, 
254 
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Tentacle-slieath, in Polyzoa, 470 
Tentacular cirri = Peristomial cirri, q.v. 
Tentacular filaments, 304 ; of Cirratulids, 
326, 327 

Te rebel! a, 328 ; otocyst, 273 ; fossil, 301 ; 
T. conchilega , tube, 286, 287, 288 ; 
building of tube, 289, 290 ; gill, 329 ; 
T. nebidnsa , colour, 292 ; as host, 311 ; 
gill, 329 

Terebellidac, 238, $27 ; shape*, 259; ten- 
tacles, 263 ; gill, 265 ; chaetae, 266, 267 ; 
gizzard, 271 ; tube, 286 ; use of tentacles, 
289 ; colour, 293 ; phosphorescence, 296 ; 
food of, 296 ; tube containing Polynoid, 
298 

Tercbclf ides, 299, 330 ; gill, 329 
Terebelliformia, 338,323 ; definition, 304; 
genital organs, 273 ; gland shields, 287 ; 
nepliridia, 269 ; nuchal organs, 273 ; 
uncini, 266, 267; vascular .system, 252 
Terehripora , 478 
Terricola, 30, /,2 
Tertiary, Polyzoa, 521 
Tessin, on Rotifers, 198, 218 
Testes, of Leptoplana , 14, 15 ; of Planar ict 
lae/ea , 38, 39 ; of Acoela and Alloeo- 
coela, 47 ; of Tennwcep/ui/a , 64; o f 7W//- 
stnnium , 67; of Cestodcs, 76, 76, 86 — 
see also Reproductive organs 
Tel rayon urns, 380 
Tetraonchus , 73 
Tctraphyllidae, 01 
Tetrarhyiichidne, 01 
Tetrarhynrhus , 75, 76 n., 85, 01 
Teimstemvui , British species, 110 ; land 
forms, 101, 115, 118 ; fresh -water forms, 
101, 118 ; excretory system, 108, 109 ; 
habits, 114 ; hermaphrodite species, 109 ; 
viviparous species, 117 
ThalanmporeUa , 530 

Thalnssema , 411, 435 f., 441, 443 ; develop- 
ment, 439 ; habits, 443 
Thehpus, 299, 320 
Tkeodisca , 3:11 

Thompson, J. V., on term Polyzoa, 4 75 
Thoracic membrane, 266, 305 
Thorax, of Polyeliaeta, 259, 306, 337 
Thymnosoma , 01 ; generic characters, 90 ; 
T. jvmhnaia , life -history, 83 ; specific 
characters, 90 ; T. giardii \ specific char- 
acters, 90 

Thysanozoon, 13, 18, 10 , 20 
Toinopteridac, 258, 291, 315 
Tnmopteris, 315 ; colour, 294 ; light-pro- 
ducing organ, 296 ; prostomium,. 259 ; 
T. rotas i, 316 

Tooth, in Polyzoa, 482, 622 

Tortoise, Temnoctphala associated with, 53 

Torus unciiiigerus, 268 

Tracks, fossil, 302 

Trarisia , 332 

Travisiopsis , 32/ 


Trematoda, 4, 51 f. ; life -histories, 71 ; 
classification, 73 

Trombley, on Turbellaria, 6 ; on Polyzoa, 
496, 497 . 

Trepostomata, 520 • 

Triuenophfiras ( = Trimspidaria), 01 ; ex- 
cretory system, 84 

Triart hra, 201, 203, 206, 211, 22/,, 225, 
226 

Ti iarthridae, 200, 201, 202, 206, 2 07, 224* 
226 

Trias, Serptilid in, 301 

Trichina , 131, 135, 1/,/,, 161 ; T. spiralis , 

146, 163 

Trichinosis, 82, 146, 147 
Trichoeephalus , 131, 135, 136, 144% 100* 
163 ; species of, 115 ; T. dispar , 146 
Trichochaeta , cliaeta, 361 
Trichoderma , 150 

Trichop fax, 93, 95 9 

Trichosoma, 144* 103 ; species of, 145 
Tricliotraclielidac, J/,4 
Tricladida, 7, 30 f. ; habits, 35 f. ; sexual 
reproduction, 38 ; asexual reproduction, 
40 ; classification, 12 ; British species, 
31, 32, 34, 42 
Tricoma cincla, 157 • 

Tricuspid aria, 01 

Tru/aster, 359, 384 
Trigonoporns , 10, 27 
Trinephrus, 357, 382 f. 

Triophthalinus, 224 
Triphilus, 224 
Tristicochaeta , 168 
Tristomatidae, 33, 55, 73 
Tristomatinae, 73 
Tristomum, 73 
Triticella, 478, 318, 533 
Trocheta, 393, 4^7 
Trochopliorc, 229 
Trochopus, 73 

Tm'hosphaera, 200, 201, 221, 229, 230 
Trocliospliaeridoe, 221 
Trochosphere, of Archiannelida, 2 13, 245 ; 
of Polyeliaeta, 274, 276, 510, 512; of 
iflehiuroidea, 439, 510 ; of Polyzoa, 510 
Trochus, in Rotifers, 202, 204 
Troplii, of Rotifers, 209, 210 
Trophon ia, 299, 334 » genital organs, 273 ; 

head, 262 ; intestine, 271 
Trunk, of Nereis, 246 ; of Polyeliaeta, 
259 ; of Gephyrea, 412 f. 

Tube, of Rotifers, 205 ; of Polyeliaeta, 287 
f. ; composition of, 290 ; fossil, 301, 302 ; 
of Chaetopterus, 323 ; of C lymene, 287 ; 
of JJodecaceria , 326 ; of Jivnice tibiana , 
290 ; of Euuicidae, 285, 290, 318 ; of 
llaplobranchus, 839 ; of tfekaterobrau - 
chus , 326 ; of Hyalircuecia, 290, 319 ; of 
Maldanidae, 332 ; o{ Myxicola, *285, 338 ; 
of Nereis , 316 ; of Nicomache, 287 ; of 
Onnphis , 287, 319 ; of thcenia, 325 ; of 
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Pectinaria , 285, 288, 330 ; of 1‘olydbra, 
323 ; of Polynoids, 285 ; of Pan) hcdis, 
313; of Sabella , 287 f.; of SabeUaria , 
287 ; of Sabellidae, 337 ; of Serpulidac, 
290, 339 f., 340 ; of Terebellidae, 280, 
287, 288, 289, 327 f.; of Priapuloidea, 
433 ; of Kchiurm , 444 
Tube-forming glands, 304 
Tube-making, of Polycliaeta, 287 f. 
Tubicolous Polycliaeta, 285, 300, 301, 306 
Tub if ex, 351, 367, 369, 378 ; chaetae, 
350 

Tubificidae, 350, 301, 366, 378 
Tnbulipo-ra , 5/6’, 531, 532 
Turbellaria, 3 f. 

Turtles, parasites of, 142 
Tylenehus, 131, 15/ h 155, 157, 160, 163 
Tylosotna, 422, 423, /+2li, 430, 447 
Typbloscolecidac, 258, 291, 32 1 ; uuclial 
• organ, 273 n. 

Typhloscolex , 321 

Ty posy Uis, regeneration of bead, 283 n. 

Udekem, D\ on Oligocliaeta, 365 
Udone.Ua, 73 ; U. cal iy or uni , 55 ; l T . 

pollachii , eggs of, 58 
Udonellinae, 73 # 

Umhanula, 531 
Uncinaria , 143 
Uncinate, 210, 211 

Uncini, of Polycliaeta, 266, 267, 304, 305 
Uncus, 210 

Urnatdla , 490, 493, 518 
Urobenns, 388 
Uteri porn s , Jf2 

Uterus, of Leptoplana , 8, 14 ; of Planaria, 
38, 39 ; of Triclads, 40 ; of Rhabdo- 
coela, 48 ; of Tern noeephala, 54 ; of 
Pol ystoinuin, 57, 59 ; of Diplozoon, 60 ; 
of Didymozoon, 71 ; of Uallinhothrinin , 
75 ; of Taenia, 79 ; of Schistoeephal us, 
86 ; iu Botliriidae, 87 ; of Rotifers, 216 

Vagina, of Leptoplana, 16 ; in ectoparasite 
Trematodes, 57 f. ; in Cestodes, 86, 87 
Vaillant, on Hirudiuea, 392, 405 
Valencinia, 113 ; V. line/or mis, 112 
’ * % *,Valkcria, 533 

Vallcntin, on Rotifers, 198 
Vallisnia , 73 
Yanadis, 315 
Varinc, 297 

Vasa deferentio, of Leptoplana, 14, 15 ; of 
Planaria, 38, 39 ; of Acoela and Alloco- 
coela, 47 ; of Diplozoon, 60 ; of Sehistn- 
cephalus, 86 

Vasa eflferentia, of Leptoplana, 14, 15 ; of 
Triclads, 38 

Vascular System, of Nemertinea, 106, 
107 ; of Arcbianiielida, 244 ; of Nereis, 
251 f.; of Polychaeta, 251 f.; of Crypto- 
cephala, 252 j*of Scoleciffrmia, 252 ; of' 


Terebelliformia, 252 ; absence of, in 
certain Polycliaeta, 253 ; of Oligocliaeta, 
355 ; of Leeches, 396 ; of Gephyrea, 
415, 436, 447 ; of Phot on is, 455 
Vancheria, Rotifers in, 227 
Vejdovsky, on Rhabdocoels, 16 ; on Gor- 
dius, 164, 166 ; on Oligocliaeta, 365, 
369, 374, _ 400 
Vermes, 347 
Vermicnlus, 378 
Verm i fori nia, 461 
Verrill, on Chaetognntha, 531 
Vertebrates, parasites of, 163. 174, 179, 183 
Verworn, on statoblasts, 501 
Vesicula seminal is, of Planaria* 39 
Vesicularui, 481, 518 , 533 
Vesiculnrina, 518, 523 
Vestibule, 488, 490 ; of larva, 509 
Vibraeular zooecium, 185, 486 , 517 , 524 
Vibraculum, 177, 184, 485, 517, 524 ; 

movements, 187 ; fuie tion, 486 
Vicarious avicularia, 482 
Yictoref/a, 492, 501, 505, 518, 533 
Villot, on life-liistory of Gordins, 172 
Yinclla, 521 u. 

Virgate, 210 

Visceral nervous system, of Nereis, 255 
Vitellarium = Yolk-gland, y.r. 
Vitello-intestinal canal, in Polvstomatidac, 
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Viviparous, Nemcrtiiica, 109, 117; Roti- 
fers, 200, 216 f.; Polychaeta, 256, 276 
I 'olro.e. Rotifers in, 227 
Vortex, 14 ; British species, 5n ; body- 
cavity, 43 

Vorticellids, on Polychaeta, 299 
1 ’art i cents, British species, 45 , 16, 50 
Vorticidae, 50 

Vuillemin, mi Nematodes in deserts, 
156 

Wjki.Foui), on Polyzoa, 521 

Ward, on Nee/onema, 168 ; pn Sijmncvlus, 

417 

Warning colours, in Polychaeta, 294, 314 
Waters, on Polyzoa, 517 
Wheeler, on M yzostomaria, 344 
Whelk, shell occupied by Nereis, 298 
White Cat, 317 

Whitman, on Dicyeinidae, 94 ; on Hiru- 
dinea, 395 f., 402, 405 f. 

Willemoes- Sulim, von, oil Tetrastemma 
ayricola, 101, 115, 117, 118 
Willey, on ailinities of Nemertinea, 120 n. ; 

on Oligocliaeta, 382 
Wings, of (Jhaelopterus, 295, 321 
Winter-eggs, of Me.sostoma , 48 ; of Roti- 
fers, 217 ; compared with statoblasts, 
493 

Woodworth, on yolk-glands, 38 n. 

Wreath, in Rotifers, 200 
Wright, on Phoronis, 450, 456 



INDEX 


560 


Yellow-cells, iii Leptopfutui, 13 
Yolk-gland, in Plawtria, 38, 39 ; in Uliah- 
docoelidu, 47; in Temnocephahi , 54; 
in Polystomatidae, 57 ; in CaUioboth- 
riuiii , 75 ; in ckhiatoeephnlus, 86 ; in 
Rotifers, 199, 216 
Yoniha Worm, 368, 387 
Youatt, 011 Coenurus , 82 
Vuuyia, 10, 25 
Zebii a, parasites of, 140 


Zelinka, on Rotifers, 198, 215 n., 218, 219, 
227, 229 ; on Gastrotricha, 232 ; on 
Kinorhyncha, 238 n. 

Zooeeium, 466, 469, 474, 488, 523 ; of 
Phylactolaemata, 495 ; loss pf zooecia, 
481, (= calyces), 488; primary, 506; 
alterations with age, 522 
Zone of budding, 279, 283 
Zooid, sexual and asexual, 278 f. 
Zoophytes, 465, 474 
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